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This “gun shoots wire 


around corners 


l. DOESN'T take long to wrap one wire 
around a terminal and snip off the end. But 
hundreds of millions of such connections are 
being made each year. 

Now this job is done much more efficiently 
with a new wire wrapping tool invented at Bell 
Laboratories. This “gun” whirls wire tightly 
around terminals before solder is applied. The 
connection is better and there is no waste wire. 

The hand-operated wrapper shown here is for 
the telephone man’s tool kit. Power-driven wrap- 
pers developed by Western Electric, manufactur- 
ing unit of the Bell System, are speeding the 
production of telephone equipment. The gun’s 
small nozzle reaches where fingers couldn't — a 


Close-up of connection made with neu 
big advantage these days when parts are made 


too neat, t ght windings. 
smaller as well as better. 


Bell Telephone Laboratories scientists devise 
many special tools to help your telephone svstem 
meet growing demands—and keep your telephone 


service one of today’s best bargains. 
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BELL TELEPHONE LABORATORIES | Ba 
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WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE BIG IN VALUE AND LOW IN COST eS 
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(From News Releases 
hundred pounds of whey yield about five pou 
protein, and no special equipment is needed { 


facture in a cheese factory. 


Remote Control 

A device for remote pipetting of radioactive liquids to 
perform all the necessary operations without the neces- 
sity of handling the pipette at any stage of its use can 
be employed with pipettes ranging from 100 up to 5 ml. 
The instrument is made almost entirely of aluminum 


Easy Positioning 

Lab-Lift is a device with a platform that 
justed to any point from 11 to 18% inche 
workbench by the turn of a screw. According t 
facturer, it is more stable and easier to operat 
vious models or makeshift devices. Heavy ket 
tion flasks, cold and hot baths, and similar ves: 
held safely on Lab-Lift or moved up or dow: 
tached to, or removed from, reaction trains, ¢ 


and weighs only 7% pound. 


Five Miles of Writing 

The Handee-Marker marks any surface in fine or bold 
letters in a choice of eight colors. Leakproof bottle and 
a visible ink supply, inexpensively replaced, are features. 


Save the Surface and You Save All ee 


Bismuth wire and ribbon said to be ductile 
wind on its own diameter at about 70° F., alt 
low tensile strength, will permit engineers to 1 
commercial applications of the unique electrical 
of this material. 


Neoprene, the synthetic rubber, can be applied by 
brush or spray gun in a single coat of 5-10 mils thick- 
ness as an airdry protective coating. Outstanding prop- 
erties are exceptional resistance to oil, grease, and chem- 
icals and age-cracking by sunlight, weather, and ozone. 
Neoprene also possesses the usual characteristics of any 


natural rubber product. Button Gauge 


A plastic sewing aid, weighing only a little ove: 
ounce, has one end for small buttons, the other for la: 
and can be used also for removing basting threads, 
ing collar points, measuring hems and tucks, or ren 


New Tapes 

A luminescent, moistureproof packaging tape can be 
seen from a distance of several feet. Useful in blackout 
areas, it may also be utilized to and mark boxes 
and containers of all sizes and shapes or put on any ob- 
ject that must be readily identified in the dark. While 
not in use the adhesive is protected by a covering, easily 
stripped off. 

Now you may identify your personal property by using 
handy stick-on tape that comes in rolls of the familiar 
cellulose acetate film, with your name and address im- 


seal : : 
ing lint and dust. 


Perfect Awnings at Last 

Awnings colored with vinylite resin-based paints 
claimed by the manufacturers to be resistant to 
ture, mould, mildew, abrasion, and most chemicals 
sistance to ultraviolet rays make them nearly fadeproo! 
there is no oxidation and powdering of pign 
they are easy to put up and take down. Availabl 


printed. = 
A sealing tape made of two layers of kraft paper 


interlined with rayon yarn comes in six widths and has 


many styles and sizes, as well as custom-made. 


a water-resistant asphalt coating. : See 
You Can’t Rock It 
A 6-foot inflatable lightweight boat, with water-fill 
pontoons, is stable in rough water and steady on 
course when paddled. Of plastic sheeting, it is resistant 


temperature changes, 


Ideal Mop 


A mop made of cellulose sponge yarn can be wrung 
out by twisting the top of the handle. This keeps the 
hands dry, and in addition the yarn absorbs two to three 
times as much water as ordinary mops, rinses clean, and 


to salt water, oils, grease, 


abrasion. About $25.00. 
does not develop a sour odor. 
No More Moths? 

A nonvolatile product that permanently moth 
proofs closets, chests, and drawers also has 
and deodorizing properties. A powder, it is sold 
10-lb. cans and, mixed with water, may be p 
sprayed on any surface, including wallpaper 


Find That Leak 

Leaks too small to be detected by the 
signs, can be discovered in vacuum systems down to | u 
Hg by use of the principle that the tendency of hot 
platinum to emit positive ions is greatly stimulated by 


usual obvious 


the tiniest trace of halogens or their compounds. A new 
sensitive leak detector for this purpose is especially use- 
ful for those who have only occasional need for such a 


device. 


Cheese Research 

The USDA Bureau of Dairy Industry has recently de- 
veloped hydrolyzed whey protein (suitable for use in 
cheese spreads), a smooth bland product converted by a 
commercial enzyme into an excellent-tasting product that 
compares favorably in food value with cream cheese. One 


says the manufacturer, dry to a hard coat that 
planed or sawed and that will take nails or screws 


Data Handling Expedited 


An electronic device that will read test 1 
at speeds up to 50,000 readings per second a: 
them on tape or punched cards ready for comp 
expected to eliminate a good deal of cumberson 
work. The unit is 20” x 30”%*5”, operates | 
125 volts, and is easily incorporated into a 


multiple-instrument reading and recording s) 





THE 


SCIENTIFIC 


MONTHLY 


MAY 1951 





The Sea Lamprey in the 


Great Lakes 


VERNON C. APPLEGATE 


The author, who is in charge of the sea lamprey investigations of the Fish and 
Wildlife Service, U. S. Department of the Interior, joined the staff of Great 
Lakes Fishery Investigations in 1950. His present studies are in effect a con- 
tinuation of researches begun in 1947 when he was employed as a fishery re- 
search biologist with the Institute for Fisheries Research, Michigan Depart- 
ment of Conservation. Earlier, Dr. Applegate was biologist with the Interna- 
tional Pacific Salmon Fisheries Commission and teaching assistant in the Depart- 


ment of Zoology, 


Petromyzon marinus) is 
hatches 


HE sea lamprey 
typically anadromous; that is, it 

and spends its early life in fresh water, mi- 

grates to the ocean, where it grows to maturity, and 
turns to fresh water to spawn. It is during its life 
the ocean that it is parasitic on fish. Sea 
ampreys have long been known in the streams of 
ir Atlantic coast, where they have been taken as 


lar south as northern Florida. In common with 


rtain other anadromous species, the sea lamprey 


adjusted itself in some areas to spending its 

lile cycle in fresh water. It is native, for 

ple, in Lake Ontario and in some lakes of 
n New York. 

to the construction of the Welland Canal 

), Niagara Falls stood as a barrier to the 

{ the sea lamprey from Lake Ontario to 

' Great Lakes. Even after the completion 

inal, the lamprey seems to have been slow 

idvantage of the route, for the first speci- 


University of Michigan, where he took his Ph.D. in 1950. 


men to be taken above the falls was captured in 
1921, nearly a century later, in Lake Erie off Mer- 
lin, Ontario. It is possible, of course, that sea 
lampreys straggled through the canal repeatedly 
but were not seen or captured. The first known 
spawning population of the sea lamprey was dis- 
covered in 1932 in the Huron River, a tributary of 
Lake Erie. 

The sea lamprey has never been able to establish 
itself in great numbers in Lake Erie, but, once it 
reached Lake Huron, its spread and increase in 
abundance were rapid. Well before the end of the 
1930s Lake Huron fishermen began to complain 
of the increasing frequency of scarred lake trout 
in their catches and the deterioration in the quality 
of lake trout fishing. They expressed a grave feat 
that this parasite might completely destroy the 
fishery for the species. 

That this fear was well grounded was borne out 


com- 


by subsequent experience. The speed and the 





pleteness of the collapse of the lake trout fishery in 
Lake Huron are demonstrated by the record 
Table 1) of the catch in United States waters 
from 1935 through 1949. The production figure 
for every year after 1939 set a new record low. 

The first sea lamprey known to have been cap- 
tured in Lake Michigan was taken off Milwaukee 
n 1936. The rapid increase in abundance of the 
sea lamprey and the decline of the lake trout got 
under way later in Lake Michigan than in Lake 
Huron, but aside from this difference of timing 
the trends have been much the same. How similat 
the course of the decline of the lake trout fishery 
in the two lakes has been is evident from the com- 
parisons of the record of production in Lake Michi- 
gan with that for the same years in Lake Huron 

Table 2). In Lake Michigan the series of record- 
low vears began with 1947, 

A few individuals not acquainted with the trends 
of the lake trout fishery have suggested that the 
catastrophes that have overtaken Lake Huron 
and Lake Michigan were the result of overfishing, 
and hence that the present distress of the industry 
is but just retribution for a wanton and destructive 
exploitation of the stocks. Complete and detailed 
beginning with 1929, on the actual 
quantities of gear lifted that produced lake trout 
demonstrate conclusively, however, that overfishing 
could not have brought about the collapse in the 
lake trout fishery in the United States waters of 
Lake Huron or in the state of Michigan waters of 
Lake Michigan. Fishing pressure in both areas 
tended to be below the modern average in the years 
immediately preceding and during the recent de- 
cline. The outside possibility that some obscure and 
altogether unsuspected factor may have destroyed 
the lake trout populations of Lakes Huron and 
Michigan cannot be ignored, but the most careful 
evidence nevertheless 

namely, that the sea 


statistics, 


consideration of available 


permits only one conclusion 


TABLE 1 
PouNDS 
1,743,000 
1,400,000 
1,340,000 
1,270,000 
1,372,000 
940,000 
892,000 
728,000 
459,000 
363,000 
173,000 
38,000 
12,000 
4,000 
1,000 


YEAR 


1936 
1937 
1938 
1939 
1940 


Pot 


+,87 
+,76 
+988 
+ 906 
5.660. 


6,266 


1939 
1940 


6,860, 

6,498 (0) 

Te 

3,.974.( 

2,425, 

1,196. 

1949 

lamprey was the major, perhaps the onl 
cant, cause of the decrease of the lake 
both 
At prevailing market prices the actual 


lakes. 

loss « 
cash income to the commercial fishermen of Lal 
Huron and Michigan resulting from the decreas 
in the take of lake trout amounts to approximate! 
$3,500,000, At a 4 per cent interest rate this figu 
represents the annual return from a capital 
vestment of $87,500,000. When one considers ho 
greatly the decrease of income to wholesalers ai 
retailers of fish, to transportation companies, and ( 
manufacturers of fishing equipment and supplies 


adds to the above value, and remembers also that 
] 


no estimate is included for species other than 
trout that have been harmed by the sea lamprey 
the real gravity of the economic losses and 
urgent need of sparing no effort to bring the pai 
site under control become even more obvious. 

The sea lamprey was first reported from Lak 
Superior in 1945. Although specimens have bee! 
taken as far west as Minnesota, and spawning run 
have been discovered as far west as Marquett 
Michigan, lampreys have become plentiful on! 
in the extreme eastern end. Any effects on the la 
trout fishery, therefore, have been only local. Cor- 
respondingly, the production of lake trout in Lal 
Supcrior has held up, as statistics for United States 
waters prove (Table 3). 

We should not be too ready to take comfort {1 
these production figures for Lake Superior, 
because records prove that the catch per net 
declining, and the yield has been maintained in 
cent years only by greatly increased fishir 
sure, and, second, because experience 1! 
Huron, and especially in Lake Michigan 
that complete collapse of a fishery can tal 
in only a few years. 

In both Lake Huron and Lake Michi 
attacks by sea lampreys on other species increas¢¢ 
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pplies 

) that 
] 

1 lak 


iprey 


vers of lake trout decreased. Although 
stocks so far has not been as great for 
; for lake trout, the damage to some 
rticularly whitefish, suckers, and wall- 
usly is heavy and is increasing to an 
xtent in some waters. Seemingly all 
species are subject to some lamprey 


Life History of the Sea Lamprey 
Know! the enemy is essential to the 
a successful war; hence, information on 

tural history of the sea lamprey is vital if 

to ascertain the vulnerable points in its life 

cle. During the past several years researches 
gonsored by the state of Michigan and, more re- 
cently, by the Fish and Wildlife Service have added 
greatly to our information on this parasite. ‘The 
following account is based largely on these in- 


dge of 


vestigations. For purposes of description the life 
cycle may be divided into two periods—stream life 
and lake life. 

Mature sea lampreys enter the streams tributary 
to the Great Lakes for the purpose of spawning in 
late spring and early summer. This spawning mi- 
gration extends over as many as sixteen weeks. 


4 


Temperature is a major controlling factor over 


the upstream movements; heavy runs do not begin 


until the stream temperature reaches 50° F. If the 
emperature drops below that poin’ the run slacks 
off. There is evidence that lampreys are unable to 
sawn in streams that are too cold. They may enter 
them but they later return to the lake to seek an- 
other stream. 

For successful nest building the sea lamprey re- 
quires a bottom of coarse gravel and rubble in an 
area with a moderately strong current. Seizing 
stones with their suckerlike mouths, the sea lam- 
preys build crescent-shaped nests. If the grounds 
are extensive in relation to the size of the spawning 


TABLE 3 

PouNDS 
3,476,000 
3,234,000 
3,085,000 
3,167,000 
2,744,000 
2,677,000 
2,854,000 
2,959,000 
3,053,000 
3,740,000 
3,369,000 
3,444,000 
2,964,000 
2,954,000 
2,965,000 


S. Fish and Wildlife photo 


I 


Mouth of sea lamprey of the Great Lakes. 


population, the nests usually are well spaced within 
the stream. If the grounds are congested, the nests 
are closely grouped, and on occasion portions of 
the spawning areas are reworked by late arrivals. 

When the eggs are extruded by the female and 
fertilized by the male, they are carried by the cur- 
rent into the gravel of the nests, where they de- 
velop and hatch in ten to twelve days, depending 
on temperature conditions. A single female may 
deposit as many as 107,000 eggs; the average num- 
ber is about 61,500. The sea lamprey spawns only 
once. All adults die soon after they complete spawn- 
ing. 

When the recently hatched larvae emerge from 
the nest, they drift downstream until they reach 
mud and silt flats. Here they dive for the bottom, 
where each establishes itself in its individual bur- 
row. The food, which is sucked in from the water 
passing the mouth of the burrow, consists largely 
of microscopic organisms that live in the surface 
film of the stream bottom. During the stream life 
the young lampreys are completely harmless. Ac- 
cording to our best evidence, the length of the 
larval life is about four years. During the final sea- 
son in the stream the larvae begin to transform 
into the adult parasitic stage. Once the transforma- 
tion is completed, they emerge from the mud flats 
and drift lakeward. 

The newly transformed larvae range from 3.7 
The 


downstream movement always occurs at a time of 


to 7.2 inches long and average 5.7 inches. 


rising water levels. Some of the young lampreys 
leave the streams in the late fall, and a few migrate 
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Four lamprey-scarred whitefish taken by a commercial fisherman in northern Lake Huron. 


at various times during the winter, but the major 
downstream the time of 
breakup in the spring. When the young sea lam- 
preys reach the lake they are ready to begin their 
parasitic existence. 

During the parasitic phase of its life, the sea lam- 
prey feeds on the blood and body juices of fish. It 
attaches itself to its victim by means of its sucker- 
like mouth and with its sharp teeth rasps a hole in 
the body. Lampreys kept in aquaria will remain at- 
tached to fish as long as three weeks, provided the 
victim does not die. These same aquarium ex- 
periments proved that delicate species such as the 
brook trout are killed quickly, but that more hardy 


fish such as bullheads may survive attacks by several 


movement occurs at 


lampreys over a period of weeks. 

Details on the life of the sea lamprey in the 
lake are scanty. Measurements of a considerable 
number of specimens indicate that the average 
time in the lake is about one and one half years. 
(An experiment currently in progress, on rearing 
sea lampreys in aquaria, supports this estimate. ) 
There is some evidence also that the newly trans- 
formed sea lampreys migrate first to deep water, 
where they attack lake trout, chubs, and other 
deep-water species. As the lampreys grow larger, 


278 


they move shoreward and in the fall are to be 
found in relatively shallow water. It is at this time 
that attacks on whitefish, suckers, and other shal- 
low-water fish reach their maximum. 

Toward the end of winter and in early spring 
the sea lampreys begin to congregate in estuaries 
off the mouths of streams. During this waiting 
period preceding the spawning migration, tre- 
mendous internal changes occur. The sex glands 
expand enormously, and the digestive tract and 
other organs shrink. As a result of these changes 
the lamprey becomes. incapable of feeding. The 
process of deterioration extends even to the mus 
culature and skin. At the time of this general break- 
down the lamprey is subject to extensive attacks 


by fungus. 


Program for the Control of the Sea Lampre) 


According to the present state of our knowledge, 
the most vulnerable period in the sea lampreys 
life cycle occurs in the stream. Attacks on lam 
along 


tne 


preys in the streams have been organize: 
three lines: prevention of spawning through 
blocking of the stream and/or the capture and 
destruction of lampreys en route to the spawning 
grounds; the destruction of larval lampreys befor 
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re from the mud and silt flats; the de- 
struct f the newly transformed migrants en 


e lake. Of the three approaches, the first 


route 


appear to offer the greatest promise. It 


eless planned to develop and test pro- 
long all lines. Nothing that has even an 
hance of yielding positive results will be 


mort 


P ‘ion of spawning. ‘Tests are in progress 01 
on a variety of weirs, traps, barrier dams, 
c and electrical devices as a means of cap- 

or destroying spawning-run sea lampreys 


plann 
and Ss 
turing 
or of preventing their movement upstream. In 
many streams this type of operation is handicapped 
severely by the necessity for avoiding injury to 
runs of such valuable food and game fish as suck- 
ers, northern pike, walleyes, and rainbow trout. 
[his limitation makes it impossible, for example, 
to apply clectrical charges that might prove lethal 
to lampreys, or to bar passage upstream unless 
equipment can be developed that will block o1 
kill the lamprey without blocking or greatly in- 
juring fish. Similarly, weirs need to be equipped 
with traps so that fish can be passed up- or down- 
stream while the lampreys are removed and de- 
stroyed need 
they can be so constructed that they will block the 


Jarrier dams similar traps unless 


lampreys but are still low enough to be jumped by 
fish. 

Devices that prevent the spawning of sea lam- 
preys offer a positive method of attack, but they 
have one great drawback—the tremendous cost 
of installation and operation in the many scores of 
streams that contain lamprey runs. The installa- 
tion of weirs in small streams is not extremely ex- 
pensive, but the larger weirs cost many thousands 
of dollars. Furthermore, these structures require 
regular and frequent attention and service if they 
are to be operated efficiently. A second difficulty 
with control based on the blocking or destruction 
of spawning-run sea lampreys lies in the circum- 
stance that the benefits from these activities are long 
deferred. Since the larval life is approximately 
four years long, and the length of the parasitic 
phase averages approximately eighteen months, re- 
cannot become 


sults from the blocking of runs 


apparent until more than five years have elapsed. 


Destruction of larval sea lampreys. The destruc- 
tion of the larval lampreys offers the advantage 
that as many as four generations of young can be 
eliminated at one time and results can accordingly 
be expected in less than two years. ‘The practical 
difficulties, however, are enormous. In most waters 


the larval beds are widely scattered throughout 


lamprey weir in the Ocqueoc River, a tributary of northern Lake Huron. The cost of constructing this weit 
000; annual expenses for maintenance and operation amount to about $4,000 





the stream. Some of the larger beds can be attacked, 
but the lampreys settle down in such small patches 
of silt (as those commonly to be seen on the down- 
stream side of deadheads) that to locate and treat 
all of them is not feasible. Because of this wide 
scattering the mechanical destruction of larval 
lampreys in silt beds does not seem practicable. 
Killing by electrical current has been considered, 
but the results with equipment tested to date have 
not been promising. The chemical treatment of 
larval beds offers some promise if we can solve 
the problem of poisoning the lampreys without 
making the stream water so toxic as to be lethal to 
fish. Experiments on the reactions of larval sea 
lampreys to various toxicants are now in progress. 

Thought has been given also to the possibility 
of introducing animals that might prey on larval 
sea lampreys. In this connection the American eel 
gives some promise. Tests conducted in aquaria 
have demonstrated that eels will attack and destroy 
larvae, but whether similar results can be obtained 
under natural conditions remains to be determined. 
It is important also to make certain that any eels 
that might be introduced will not prove harmful 
to native fish. 

Destruction of newly transformed sea lampreys. 
The downstream migration of newly transformed 
larvae in the winter constitutes a period in the life 
cycle of the lamprey which offers even greate1 

mys os 
i Be 9 9, 
Bis. 
— age ot 8 ae 


a & 


‘ 


possibilities for destruction than the ti 
upstream spawning migration. At this t 
the movements of fish are at a minim: 
quently, equipment that kills any organis 
along the stream inflicts only negligib 


* Of year 
vCal 


Conse. 


on animals other than lampreys. 

demonstrated tl 
stream migrants can be taken readily by 
a dam and inclined-screen trap, but t! 
ment is expensive to construct and requil 


Experiments have 


equip. 


regular 


attention. Furthermore, the topography 
streams does not lend itself to this type of structure 
Far more promising are electrical installations 
that send a current through the stream sufficient) 
strong to kill the lampreys as they drift by. At 
tention is being concentrated on the dev: lopment 
of apparatus that will give the greatest effective. 
ness at minimum cost. These devices must be x 
constructed as to be safe and to need only occa. 
sional inspection and service. Preliminary exper. 
ments have indicated that young lampreys ar 
extraordinarily resistant to electrical currents, that 
much 
more difficult than was anticipated, and that the 
operation may prove prohibitively costly. 


the construction of a lethal device will be 


The Outlook for Control 


all of these 
must enter into our consideration when we specu: 


Biology, engineering, and economics 


late as to the possibility of developing a program 


Inclined-screen trap at a dam in the Carp Lake River, a tributary of the Straits of Mackinac. This devic« 
effective in trapping the downstream runs of young, recently transformed sea lampreys. The aggregate cost of t 


and trap was about $6,000; annual maintenance and operation costs are about $3,000. 
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Removing spawning-run sea lampreys from a weir- 
rap in the Ocqueoc River. 
for the effective control of the sea lamprey in the 
upper Great Lakes. The available information on 
the life cycle of the sea lamprey is sound and suf- 
ficiently extensive to serve as a basis for the initia- 


tion of control procedures. Certain aspects of the 


predator’s natural history need to be explored 


further so that we may judge better the most vul- 
nerable points in its career. Only through more de- 
tailed knowledge is the maximum efficiency to be 
obtained. 

Economic considerations dictate that no effort 
be spared to accomplish the greatest destruction of 
sea lampreys at the least cost. If cost were no ob- 
ject, control might easily prove to be relatively 
simple. However, a control program that could be 
maintained at an annual figure approximating or 
exceeding the potential value of the fisheries could 
not be termed sound. Major effort is to be directed, 
therefore, toward the development of more and 
more destructive devices that will call for less and 
less expense in installation and maintenance. ‘The 
success or failure of attempts to control the sea 
lamprey well may be determined by the success 
or failure in the development of procedures the 
cost of which can be economically justified. ‘There 
can be little doubt that the most effective control 
of the lamprey will be accomplished by a variety of 
procedures, each adapted to serve best under special 
local conditions. 

Control of the sea lamprey will not be accom- 
plished either in a short time or easily or cheaply. 
Furthermore, the control measures will need to 
be established on a continuing basis. The prospects 
for the eradication of this predator are so meager 
that they should not enter into our consideration 
in setting up a control program. We cannot hope 
for an immediate solution of the sea lamprey prob- 
lem and a rapid return of the fisheries to their 


former productivity. 
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Newly transformed sea lamprey, taken in weir on the Ocqueoc River, on its 
way to Lake Huron to begin parasitic existencs 





cientists and Education 


SIMON WILLIAMS and JAMES D. LAURITS 


Of the 248 letters received by the editors and the author, 226 were « 
cally for and 22 bitterly against Dr. Puller (Sct. MONTHLY, 72, 
Members of the staffs of several schools of education offered articl; 
We have chosen the one presented here as the best-tempered and 
representative and, in fairness to the authors, have restrained ever, 
wield the blue pencil. Simon Williams is lecturer in general educati 
vard, and James D. Laurits is assistant to the dean. Dr. Williams 
director of research, National Cotton Council of America, Memphis, | 
sociate director of research, Fabric Research Laboratories, Boston, a 
dean, Lowell Textile Institute, Lowell, Massachusetts. Mr. Laurits 
graduate engineer and a former mathematics instructor in the Elgin (1 
School. Both authors were Fellows in education at Harvard durin 


HIS article is a reaction to the attack on pounding sympathy with A. N. Whiteh« 

modern education by H. J. Fuller, “The began the conclusion to his notable essay 

Emperor’s New Clothes, or Prius Dementat,”’ Aims of Education,” with these words: 
which appeared in the January 1951, issue of THE a ee a ee eee) grower I ee 
SciENTIFIC MontTHLY. A response is deemed im- the importance of this question of the education 


nation’s young, the broken lives, the defeated ho) 
: fees é é . national failures, which result from the frivolous 
cloaked his criticism and however valid certain of with which it is treated. it is difficult to restrain 


his arguments may have been, the distorting in- oneself a savage rage. 


perative, for however humorously Fuller may have 


tensity of h:s words and the questionable quality of But are we equally agreed that this savage ray 
his so-called “bits of evidence” can only serve to best contributes its energy to the solution of edu- 
further befog and bemuse efforts to understand the cational problems by conversion into a stream o! 
nature of the educational problem in the United invective (such as poured out of Fuller’s pen)? Ii 
States. scientists are going to become vocal on the subject 

Many of Fuller’s points we will comment on or _ of education, then we must take vigorous exceptio! 
answer directly, although too briefly; we do not to methods which involve mere personal outbursts 
here repeat his challenges. The other charges as those to be adopted by members of such groups 
would automatically be dissolved by a look at ac- as AAAS, Sigma Xi, and Phi Beta Kappa, all well 
cumulated evidence on which we offer a beginning. represented in the schools of education. 
However, a blow-by-blow rebuttal is impossible On good behavior. In matters concerning ou! 
without a book-length manuscript on data alone, children, our personal beliefs, our way of life, thi 
without the regrettable educational jargon. The warfare of the heart and the head is always at max- 
connotation is clear—had Fuller known the field, imum intensity. I. A. Richards, in his How to Read 
had he supported his arguments with evidence, a Page, gives a brilliant analysis of this type of 1! 
had his analysis been objective, then he could not ternal conflict, in which he uses an image fron 
have covered the whole of education as he did in John Donne, Satyre III:' 


his jaunty emotional tour. Thus, persons who wish 


2 ; Doubt wisely; in strange way 

to be honest and thorough might be driven near To send dnaviring sighs: tenet te meee: 

to distraction at the task of plugging the holes made To sleepe, or runne wrong is. On a huge hill, 
Cragged and steep, Truth stands, and hee that 
Reach her, about must, and about must gor 
And what the hills suddennes resists, winne s 


by easy heedlessness. 

Let us state at the outset that this is not an at- 
tempt to whitewash education. We agree and prac- 
tically all educators agree that many aspects of our For the seeker of truth, Donne’s picture n 
educational system are deserving of criticism. We be comforting, but it is the image out ol! 
are all deeply concerned with the success or failure science has built its strength. Wise doubt 
of education and no doubt many have felt a heart- rigorous, austere demand on any evidence « 
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the professional ethics of any field of 

s is no less true of the fields of social 
cely born, than of the older fields of 
ice. It should be true of the behavior 
of scientist when he examines the prog- 
her field with which he may be emo- 

| intellectually involved but in which 
had the time to train and practice. It is 
izzling experience to observe a scientist, 
»wn research would no doubt adhere to 
cid demands on experimental data, turn 
plast a field with which he has a mini- 
amiliarity, on the basis of the flimsiest, 
ble evidence, largely of the “I knew a 


scence 


scuenc' 


ll, 
tonal 
} ’ 
he nas ! 
always 
who in 
the most 
about al 


mum Ol! 


[It is confusing, contradictory, and intolerable 
jor men in the older fields of science, whose prog- 
ress has depended upon generations of wise doubt, 
free inquiry, and a vigorous experimental approach 
n the face of all difficulties, to turn to United 
iStates education, one of the most far-reaching ex- 
periments ever to be attempted, and in essence say: 
Look backward; quit this experimental nonsense ; 

ase this disturbing inquiry into the learning proc- 
eses and into new methods of teaching; disre- 
gard the evidence of the psychologist, the sociolo- 
vist, the anthropologist, the biometrician; all that 
has gone before is good and true, what I did is 
good enough for my children; what I don’t under- 
stand and cannot take the time to understand is of 
no value and of evil, destructive import. 

Schools of education are here to stay. They can 
and have fulfilled a need. If they are weak, as many 
chools are, let us unite to build their strength. 
Learning experiments are here to Stay; every as- 
sumption will be tested eventually, no matter how 
hallowed its tradition. If experimental work and re- 
arch conclusions in education are faulty, let us 
use Our experiences and the resources of our re- 
spective fields of science to offer constructive sug- 
gestions for the improvement of experimental de- 
d data analysis. If you have a contribution 

make, get out of the armchair of your specific 
field of science and apply your methods to a wise 
inalysis of what is needed in education. Keep in 
mind that free inquiry is as fundamental to prog- 
ducation as it is in all sciences and in these 
ritical days we have little time or patience for the 
i, haughty isolation of this privilege or with 
he cry that education does not lend itself to sci- 


entific 


gn an 


re 1”) 
ress 1n 


snobb 


nquiry. 

7 imple aims. It is our purpose in this article, 
ist, to begin in the reader’s mind a clearer picture 
ican education than may be seen through 
‘nant protestations of individuals who feel 


threatened by inquiry into assumptions they have 
always held dear. It is our hope in so doing that 
scientists may be persuaded to apply their talents 
and their authority to making constructive and dis- 
criminating contributions to education, whether 
they act as interested citizens, parents, school board 
members, research consultants, or in some othet 
capacity. 

Secondly, we wish to indicate that the attitudes 
and the methods, yes, and even the rigor of science 
are coming into education, directly and through 
the established social sciences. ‘There is ample 
reason to hope that the fruits of this application, 
as it finds its initial slow way into teacher training 
and into schools, will be fully as great as those 
yielded by natural science. It is in this spirit that 
every true educator holds to the idea that “the 
proper study of mankind is man.” It may be argued 
that teaching itself is an art. If so, it is an art which 
is raised to greater powers by knowledge, both for 
the rare persons who are intuitively successful in 
challenging students and for the great majority ol 
teachers who acquire and increase their skills 
through practice and learning. 

To particularize our latter aim, we will mention 
briefly two references which describe important 
experiments in learning. These introductory items 
can give all who are interested in improving edu- 
cation a sounder approach to its problems. ‘The lit- 
erature in the field is vast, and, as in any new focus 
of man’s inquiry, it is sown with many tares as well 
as with wheat. However, any perceptive layman 
can read enough in a short time to permit his 
making intelligent criticisms and contributions to 
work in the schools. Where insufficient direct evi- 
dence yet exists, it is presumed that a factual de- 
scription of the school situation as it is will afford 
each reader a framework within which to evaluate 
objectively both the criticisms of a philosophical 
nature and the remedies suggested by the critics 
to solve the educational problems before us. 

Forces for change. The picture of education in 
this country depicts tremendous growth. For ex 
ample, high school enrollment has about doubled 
itself every decade from 1890 to 1940! In terms of 
even greater significance to learning and teaching, 
the year 1890 saw 7 per cent of all eligible youth 
in high school, while 1950 finds 80 per cent of the 
eligibles actually enrolled. In comparison, no Euro- 
pean nation ever put as many as 15 per cent of its 
eligibles into secondary schools of all types. The 
presence of more and more children in our second- 
ary schools, with its great quantitative and quali- 
tative impact on the grade schools below and on 
the colleges above, is not a question to be fruit- 





fully argued by educators or by college professors. 
The children are there by public fiat—no sane 
philosophy of education can deny any of them a 
place. We must learn how each can find greatest 
profit in the schools. 

This explosion in size in so short a period of 
time has naturally brought confusion, and at times 
chaos, in the attempts to adjust the activities of 
schools to the increasing public demands. And 
during this period, the scene was changing in many 
spectacular ways other than in the quantitative 
shifts in student enrollment. 

Where did all these new pupils come from? 
From the large families of the flood of immigrants 
to this country during the late nineties and the 
early years of the twentieth century; from the city 
slums, as child labor became outlawed and com- 
pulsory education legislation swept the land; from 
the and urbanization 
grew and grew; from every corner of a booming 


farms, as industrialization 
nation they swept into the schools, bringing with 
them a diversity of cultural backgrounds and per- 
sonal interests that overwhelmed the limited cur- 
ricula then available. 

At the same time, what was happening to the 
world about them as these youngsters embarked 
on a tour of classical study? Industry mushroomed 
and the products of technology offered an ever- 
changing wonderland of automobiles, trains, air- 
planes, radio, talking movies, and gadgets of every 
kind. The production of all these materials stimu- 
lated a concentration of peoples into urban centers, 
tearing the roots of a nation heretofore an agri- 
cultural empire. The emancipation of women 
added fuel to the fires which were consuming tradi- 
tional family ties. Distances became as nothing, 
the kinds and amounts of job opportunities be- 
came legion, social and geographical mobility came 
to characterize the country. In the midst of this 
teeming, seething social context, youth witnessed 
staggering depressions, two world wars and the en- 
croaching shadow of a third, the rise and fall of 
harsh and conflicting national concepts, the trends 
toward collectivism, concentration of government 
the labor—no developments of 
youth, but certainly part of the world contributed 
to by the products of traditional schools. And in 
this raw, progressive environment, all of the sci- 


power, rise of 


ences flourished and many new fields, such as psy- 
chology, genetics, biochemistry, biometry, cultural 
anthropology, and others, made impressive strides 
toward maturity, and provided the basis for a 
better both the and the 
methods of 

Strains in tradition. At first, the high schools 


understanding of aims 


S( hools. 
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persisted in curricula which had been j 
laid down for the privileged few who 
college. It is extremely important to 
these curricula (in content, sequence, 
handling, relatedness, and timing) wer 
still are, in no sense based on scientific « 
even on comparisons from trials and « 
Where they were not borrowed directly | 
tion or from other nations, notably Ger 
were patched together largely by army 
Further, they were originally construct 
cialist scholars who were concerned then 
cating an elite few to become scholars in | 
It was inevitable that such rigidity wou 
least in terms of the humane problem 


resultir g 


from the mass of students who could not and woul 
not go to college or even finish high school. In 194 
in a publication of the American Youth 
mission, How Fare American Youth? Lewi 
Terman estimates that an IQ of 110 is ni 
success in traditional, classical high scl 
ricula, and that 60 per cent of all American yout! 
rank below this level.? This statement is supported 
] 


eXample 


ede | 


} 
OO! Cur- 


by data in the same book which show, for 
that in a sampling of 30,000 Pennsylvania yout! 
only 42 per cent finished high school; in Maryland, 
29 per cent graduated out of a sample of 13,538 
In spite of these continuing high percentages o! 
drop-outs from high school, greater numbers are 
reaching the colleges, which, in turn, find their 
students not all of the more “select” group of days 
not far gone. This spread of abilities with increas- 
ing population is little more than elementary sta- 
tistics, but it leads a few unthinking professors di- 


rectly to assume that the lower schools are d 


gen- 
erating, a cry most likely to be raised in, for ex- 
ample, a state college which cannot be as selective 
as some other institutions. 

This kind of data, 
placed upon the high schools by the specific needs 
of the community served, naturally and rightly lec 
to a thorough questioning of classical « 


as well as local pressures 


Wriculda 
(and to investigation into learning itself) as th 
best experience either for the potential college stu- 
dent or for the much larger number of pupils to! 
whom high school would be terminal. The old cur- 
ricula and many methods allied with it were failing 
to work with great numbers of young people anc 
in many cases, continue to fail in the p1 
is probable, but by no means proven, th 
students reach college today who are poo 
fundamentals of reading, writing, and a 
than their predecessors from the more sele: 
of the past. The former, struck with cur 
meant for them and quite foreign to th 
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reas- 


‘ten were unable to profit from rauch 

schools offered. Whether mere lack of 

in some of these usual standards (never 

‘nce with a preposition) makes life in 

rld less “successful” is simply another 

investigation and evidence, profane as 

lent may appear to some. ‘The inability 

children with high I1Q’s to learn in con- 

school routines is well established by re- 

garch. | his is quite another matter than the “low- 

ering ol averages” due to new college populations 
d in the paragraph above. 

itors are concerned now simply with find- 


mentio! 
ing the best methods of teaching and learning. 
Naturally enough, the question has been raised as 
to whether the elite intellectual 
who were educated in times past succeeded largely 


and more few 


because of their study routines or in spite of them. 
lhe latter question, of course, deeply disturbs many 
ndividuals who went through the more conven- 
tional schools; these feelings are perfectly under- 
standable, but they do not invalidate the question. 

In this connection, the careless use of terms like 
“modern education” and “traditional education” 
does much harm and tends often to activate the 
glands before it sets the brain in motion. Nothing 
is more certain than that all of us remember some 
instances of good teaching from the past and at all 
school levels, teaching that reached us, teaching 
that influenced our thoughts and behavior. In this 
sense, good teaching and learning are not a func- 
tion of time in history. By “modern education,” 
we mean here the discovery and promulgation, 
through research, of those practices which max- 
mize learning (changes in behavior). Like all such 
definitions, our is too simple, since it omits philos- 
phies and policies having to do with the nature 
{ ideal behavior; but it serves the immediate pur- 
pose. One would hope that in time all education 
will hy 
late in the elementary schools. 

By “traditional education,” we mean those prac- 


modern; it has made greatest progress to 


uployed without reference to scientific ob- 
ons from appropriate fields. The schools are 
l of traditional work, despite our increasing 
dge about how people learn, about human 
in general and the development of chil- 
particular; colleges and secondary schools 
strongholds of traditional education. It 
« noted that the above definitions form an 
tion about education of the past, but not 
mnation. Indeed, the schools of 1900 had 
with which to work; any teacher wishing 
ve upon the usual formula of memorize- 


te was on his own in uncharted seas. 


Observation and experiment. We have suggested 
that it is fruitless and untrue to imply that in ex- 
amining and questioning its methods education 
has discarded all that learned and all 
that is of value in the past. Rather, the attempt is 


being made, sincerely, if at times blunderingly, to 


has been 


find just what can be recognized as of value, out of 
past or present activities. If this attempt at recog- 
nition involves highly empirical experimentation, 
if it involves field testing of semiquantitative o1 
even qualitative hypotheses, reflecting the newness 
of the field and the variability of the subject, this 
is no reason to dispute the search for truth. No 
evidence worthy of the title exists to prove that 
modern education has broken the intellectual and 
moral backbone of our youth, although claims to 


have witnessed this degradation are plentiful. On 


the contrary, sound evidence is slowly ac« umulating 


which points to the fact that not only are the youth 
in the school today learning the three Rs but they 
are learning them better than ever. 

For those who would be better informed on the 
nature of this evidence, we would like to cite two 
studies, neither of which we shall attempt to re- 
produce here. The first of these, An Evaluation of 
Modern Education, published in 1942 by Leonard 
and Eurich,’ is a careful survey of a large numbet 
of research projects in grade and high schools, 
which had for their purpose (paraphrased 


1. To combat unjustified retrenchment in educational 


gains, with data. 
» To challenge the halo of traditional education, with 


et idenc é 
> om, 
». lo 


whose \ alues may 


modern 


with 


some practices 


data 


remove the halo from 


have been exaggerated, 


The authors then go on to say: 


Clearly there is no educational panacea. A correct un 


derstanding of those practices that proved successful 1s 
a better source of material for the steady development of 


than unwarranted claims of 


the educational program 


mythical values 


Some of the more important conclusions of the 


research covered in this reference can be sum 


marized as follows: 


a) The products of modern 
plined in the basic skills. In practically every study and in 
almost skill that has students 
from the schools which follow. the 


slightly, if not markedly, superior to 
is true, of course, that teach 


effec 


S( hools are well disci 


every been investigated, 
modern practices are 


children from. the 


more traditional schools. It 
ers using modern practices differ widely in their 
tiveness Just as do those following traditional patterns 

b Mode rm-S¢ hool 
edge and their use of it 
to children working 
The Same 
facts 


students are well versed in knowl 
These pupils have been shown 
under the 
holds in regard to 


the ability to gen 


to be superior more usual 


picture 


and In 


forms of education 
the ability to interpret 


eralize 





¢) Products of the modern schools are successful at 
the higher educational levels. 

d) The products of the newer schools have consider- 
ably higher ratings in physical fitness. The conventional 
schools are slightly, but not significantly, ahead of the 
newer programs in providing pupils with health informa- 
tion. The data on these particular matters are probably 
too meager to be relied upon with any degree of as- 
Surance, 

e) It appears that graduates of the newer schools have 
better social-personal development for “effective citizen- 
ship.”’ Studies that modern and 


significantly more effective in developing self-initiative, 


show schools are far 


critical ability, cooperativeness, civic beliefs, and leader- 
ship. 


Now, sirs, if you do study in a book such as An 
Evaluation of Modern Education, take care that 
you read behind the convenient classification labels 
employed, such as “traditional” and “modern,” 
and that you visualize the specific classroom prac- 
tices which are being compared and evaluated in 
a given experiment. We have already tried to 
point out the futility and unreality in attempting 
to oppose the past with the present, as if one were 
all evil and the other pure virtue. Scientists who 
have ready to their hands the precise definitions 


of the natural disciplines must bear somewhat 


patiently with the jargon of a new field still 
struggling for the most useful units and concepts, 
to say nothing of the struggle for practitioners who 
know and can apply new knowledge. 

Studies like the one above early proved that the 
traditional courses, each a separate part of a logical 
discipline (algebra, physics, etc.), were not neces- 
sarily the most efficient learning devices at all levels 
or for all pupils. The trial development of cross- 
discipline courses, the design of “core curricula,” 
etc. are in no way refutations of the great heritage 
of man’s ideas, ideals, and accomplishments. Most 
simply stated, these and other modern develop- 
ments in education are attempts to devise better 
techniques for making such knowledge accessible 
and acceptable to others. Psychology and _re- 
lated studies have provided many new insights 
about how to reach students; this growing knowl- 
edge will be employed in time, in spite of nos- 
talgia by the bucketfuls—it is a way with sci- 
ence, apparently. Its applicaeion in an experimental 
fashion in neither a real denunciation of teachers 
(who must always do what they can with their 
present wisdom) nor a fanatical new religion, al- 
though unknowing professors or educators can 
make it come out to be either. The poor experi- 
ment, the soapbox orator, these cannot be excuses 
to oppose professional education, any more than 
Lysenko and monkey-gland-quacks can give cause 
for the condemnation of genetics and medicine. 

Emerging concepts about the personal “needs” 
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of students arose simply from obsery 
studies which showed how learning wa 
whenever the student himself was consi: 
important part of the learning process 
classes, the teacher’s actions still show 

to be conceived as an all-absorbing |i 
memorizer instead of as a person with n 
attitudes, interests, problems, hopes, 

peculiar to himself. Not that the forme: 
itself devastating to personalities—certai) 

turers even thrill most of their student: 

latter orientation invites the use of facts 

better learning. All knowledge, no matt 

thrill the scholar, is claptrap if the stu 

not come to his own appreciation of it 

dence indicates that in many traditional classes 
the majority of students are missing the under. 
standings, the appreciations, the desires for ne 
learnings we all seek to impart. The matter can- 
not and will not end here, not as long anyone 
is interested in developing the talents of all chil. 
dren to their utmost. 

And once committed to this task, educators find 
the road long and devious. In the way of bes 
learning often stand physical, social, and emotion 
blocks; it were more accurate to state that the solu 
tion of 
makes itself that learning having highest pri 


common personal problems frequent} 


Sally is currently an ugly teen-ager and has no friends 
she is withdrawn and does nothing in classwork. John: 
mother won't let him into the house until bedtime 
unwanted at home and an aggressive brat in the trad 
tional school. Bob’s folks force him into college-prep 
tory work against his inclinations and capacities; h 
sullen and unable to do any work. Henry and his chang 
ing body are all wrapped up at the moment in sex ques 
tions which have held in mystery 
Jane is quiet, orderly, and gets “A”? marks 
utter book-stufl 
worries the teacher. 


been in his hor 


work; yet her devotion to 


Extremes ?—possibly; but what light they hav 
thrown on the nature of all human learning! Thes 
and a myriad more in infinite variety are common: 
places in every school today. Only laymen argu 
endlessly about which duties “belong” to school 
which to churches, which to the family, etc. A good 
public school teacher cares not for such games 
for there his pupils sit, real persons, not intellects 


yy 


only—none of their problems are left at ho 
Educators have no interest, only antipatliy, 
“usurping” the family as a primary place o! 
training. The fact is that they are confron 
human beings in the classroom who are 
learn those things which will lead to more | 
and whatever facilitates this process is a 
the business. Because of their pungent exp 
educators may be led to argue as to the m¢ 
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1 to college. The second reference is 

i the Eight Year Study by W. M. Aikin, 
summary of a five volume report.* In 
thirty high schools were released from 

d college entrance requirements, be- 
th the 1936 college class, for a period 
sur graduating classes. This was done 
mnsent and approval of colleges through- 
United States. Each high school was free 
its own program for college preparation. 
uation of the study depended upon suc- 
ss in college, in part through the use of 1,475 
pairs of students, each pair representing 
the experimental schools and one school 
employing a_ traditional The com- 
plexity and significance of this study can only be 


clit 


t desi 


The ey 
mat hed 
curriculum. 


appreciated by reading the report. 

However, the results are summarized by the fol- 
lowing quotation from a report to The Association 
of American Colleges by Herbert C. Hawkes, dean 
of Columbia College, on January 10, 1940: 


In order to obtain a comparison between the Thirty 


Schools graduates and their mates in the control group, 
embers of the staff of the Eight-Year Study have visited 
the institutions where any considerable: number of the 
students were registered in order to become personally 
juainted with them and with their controls, so that 
might reach as well considered opinions as possible 
regarding their adjustment to the work of the college, 
nd the measure of success that they attained, both in 
eir studies and in their social relations. Comparisons in 
h of the major fields of study between the Thirty 
and their control have been 
» with scrupulous care. I will not go into the sta- 
tistical results at this time. Sufficient to say that a com- 
parison of the 1,475 students from the Thirty Schools, 
which were about evenly divided between the sexes, indi- 
little difference in college grades between 
em and their controls. On the whole, the students from 
Thirty Schools were superior to the control group. 
[hose who have been in college for three years excelled 
slightly in the humanities, the social sciences, and the 
physical sciences. The grades were almost exactly even in 
English and the biological sciences. They were distinctly 
the foreign languages, but distinctly superior 
such subjects as fine arts, music and the like. I will 
not attempt to analyze the results for those who have had 
nly two or one year of college experience, except to say 
that the students from the Thirty Schools who entered in 
'938, and whose college records for only one year are 
excel their controls from the other type of 
every field of study, notably in English, humani- 
, physical sciences, and mathematics. This may reflect 
il job that the faculties of the Thirty Schools 
during the past three years in improving their 
1, and affording a more adequate intellectual 

wr their students. 
ther observation is interesting. A report on the 
cess of the graduates of the six of the Thirty 


Schools graduates mates 


ites very 


Interior 


wailal 


l 1 
schoo] 


Schools whose differ most from the conven- 


tional pattern is compared with that of their comparison 


programs 


groups. A complementary report has been made on the 
college success of the graduates of the the Thirty 
Schools which differ least from the conventional pattern 
as compared with their matched pairs. There were 361 
students from the least conventional six schools, and 417 
from the most conventional schools. It turns out that the 
students from the least conventional schools excelled their 
controls by a score that may roughly be expressed as 27 
to 7, while the students conventional 
schools of the Thirty were excelled by their control group 
by a score that may roughly be expressed as 14 to 16 
That is, so far as these data are significant, the students 
from the schools whose pattern of program differed most 
distinctly 


six ol 


from the most 


from the conventional were very superior to 
those from the more conventional type of school. 

I should add that in extra interests 
athletic in character, the graduates of the Thirty Schools 
were markedly more alert than their comparison group 

The results of this Study seem to indicate that the pat- 


which 


curricula non- 


tern of preparatory school program concentrates 
on a preparation for a fixed set of entrance examinations 
is not the only satisfactory means of fitting a boy or girl 
for making the most out of the college experience. It 
looks as if the stimulus and the initiative which the less 
conventional approach to secondary school education af- 
fords sends on to college better human material than we 
have obtained in the past. 

I may add that this report to you has been approved 
by a Committee of the Commission on School and Col 
lege Relations consisting of the following membership: 
President Barrows of Lawrence College, President Park 
of Bryn Mawr, Dr. Gummere of Harvard, Dean Speight 


of Swarthmore, Dean Brumbaugh of Chicago, and myself 

It is of interest to note that the methods of sta- 
tistical analysis used in the Eight Year Study have 
been attacked. One such critique recently appeared 
Nov. 25, 1950). Again, we 


the research and its 


in School and Society 
leave the judgment of both 
weaknesses in your hands. ‘The significant point to 
be made here is that this is sincere, intelligent, 
honest research, of a type that will eventually sup- 
ply a rational rather than an emotional basis for 
curricula design. 

Opportunity unlimited. Here then is a problem 
of some complexity. The public has committed itself 
as a nation to “mass” education, which research 
has found to mean a great and unyielding spread 
of talent at all levels of the educational system. At 
the age level of five years, 96 per cent of the chil- 
dren in a representative sample may be grouped to 
exhibit a range of general ability equivalent to a 
four-year spread in ages—some will be as “smart” 
as an average child of seven, while others can do 
no better than a three-year-old. The remaining 
+ per cent of the age-five children will show even 
more extreme differences in ability! By the time 
these children are eleven, 96 per cent of them will 
show an ability span equivalent to eight years of 
age. Further, any one child’s range of aptitudes and 
interests will cover 80 per cent of the differences 
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exhibited in his age group. These powerful and 
creative differences in individuals are increased by 
effective teaching, i.e., by all forms of teaching 
which significantly take into acount the individual’s 
capacities and interests as well as those of the 
teacher. Only rote learning, straight memorization, 
can reduce these differences as between persons. 

Facts such as those cited here are bringing down 
the curtain on much of traditional education, be- 
cause it was founded in large part on the notion 
that all students should be brought to a common 
level of attainment in all areas. Investigation has 
made it evident that such a goal is as boring to 
those of superior abilities as it is frustrating to those 
below the mark. ‘Thus, waste and mischief receive 
common invitations. 

No one truth, no one brand of scholarship can 
be adapted to all. The variability in capacity, op- 
local 
health, parental influence, and other factors, stag- 


portunity, cultural background, interests, 
gers the imagination. Yet at once we are faced with 
a profound challenge which demands our utmost 
cooperation in designing a flexible, intelligent, ex- 
perimental approach to school programs. 

But the schools cannot pause while we experi- 
ment and deliberate. The rapid rise in school popu- 
lations has outstripped most school systems, hob- 
bling effective organization and excluding almost 
all problems except those technical considerations 
on sheer numbers and adequate space. On the 
other hand, research is always slow to find its way 
into the schools, which are public domain. Even 
practices or equipment of unquestionable worth 
are difficult to take across community lines, for 
education is public policy as much as it is art or 
science. 

And the publics are many. There are almost 
100,000 school districts in the United States, all 
practically autonomous, largely controlled by non- 
professional people, who are either elected, ap- 
pointed by an elected commission or a commission 
appointed by the state governor, or appointed di- 
rectly by the governor. There is here created as 
heterogeneous a policy toward educational admin- 
istration as could be conceived. In fifteen states, a 
school superintendent is not required to have a 
college degree; in nine states neither a degree nor 
any courses in professional education are required 
as prerequisite to appointment. In 1948, there re- 
mained over 75,000 one-room schools. In eighteen 
states, over one half of all grade schools were of the 
one-room type, ranging in percentage up to 96.8 


per cent for Iowa. In 1948, 16.8 pe 
high schools contained less than fifty 

per cent of all high schools had less tl 
dents. Only six states had more than h 
school students in schools of more tha; 


The public, furthermore, does not 


appropriate enough money to pay for bx 


as educators nor to pay for bette: 

teachers. The estimated average salary 

of all instructional personnel in the pul 
is $3,080 (or about $1,772 in prewar doll 
is less than average earnings in indust: 
10.9 per cent of all grade school teach 
college degree; 3.2 per cent are withor 
lege training, and in five states over 10 
all grade school teachers were without « 
aration (up to 32.2 per cent in Nort! 
Does this argue for certification and t} 


ment of minimum standards for teac! 


finance question alone is exceedingly compl 


cannot be discussed here. 


shout about expensive new fads and frills 


should give pause to intelligent persons 


38, this country spent 3.1 per cent of its 


on public education—in 1948-49 the 
fallen to 2.3 per cent. Caveat emptor! 


Sut, against tl! 


Be up, not down. But there is no end to the paint- 
ing of this picture. One can only hope that enoug! 


of the outline has been drawn to help in 


ising 


scorn to personal concern, to imbue concern witl 


thoughtfulness, and to spur thought into active aid 


| 


We have tried to point out that educators, op- 
erating within the complex picture sketched abov 


have but one basic assumption: ‘Teaching 


learning are subject to inquiry and experiment, as 
are all fields of thought and endeavor. Scientists 
in particular should find it difficult to quarrel wit! 


such a beginning. Our special plea has been 


1 
that 
bid 


all persons heed the quote used by Fulle: 


amusing in that place), “People who are not 


a thing are usually down on it.” Don’t let it happen 


to you! 
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On the Number of Species 
of Plants 


GEORGE NEVILLE JONES 


The author has botanized in various parts of the United States and Alaska, has 


written 


several botanical books 


and research and has been taxonomy 


papers, 


editor of the American Midland Naturalist since 1947. In 1939 he went to the 

University of Illinois, where he is professor of botany and curator of the Her- 

barium. He received his Ph.D. degree from the University of Washington in 
1937 and was a Guggenheim Fellow in 1944. 


l IS a well-known fact that the past fifty years 
have the 
botany, and it is generally recognized that 
contributed in no 


seen great advances in science of 


taxonomy has shared in, and 
small way to, this achievement. Not only are tax- 
nomic principles better understood and systems of 
lassification more clearly elucidated, but it is 
rather remarkable fact that the number of species 
of plants known to science has been nearly doubled 
during the first half of the present century, and pub- 
lication of newly discovered and described species 
ontinues at the rate of several thousand each year. 
\lthough criteria of species are not absolutely 
equal for all botanists, the consequence of this dif- 
ference is insignificant in consideration of the im- 
mense number of species, and it is of scientific in- 
terest to attempt to ascertain how many species of 
plants are known at the present time. 
he question of number of species, genera, and 
families of plants has more than a statistical sig- 
nificance. It is closely connected not only with 
taxonomy, but also with plant geography and ecol- 
h are usually concerned with numerical 
ns of plant species. The problems of plant 
ystematics, together with the important evolution- 
wy theories of more general biological scope, are 
bly connected with consideration of the 
tempo of formational processes and mor- 
al diversity already achieved in the plant 
cultivated 


work with 


{ten requires, ultimately, a fundamental 


Practical selective 
re of the species and forms of wild plants, 
se of already well-known economic im- 
and those newly discovered and de- 


cally, the discovery, recognition, and de- 


scription of “new species” of plants have been slow 
and laborious. This has been carried on for several 
centuries by hundreds of botanists in many lands. 
The painstaking work of these scientists has not 
always been adequately rewarded, or even 


recog- 


nized. As Linnaeus (1737) said: 
What 


and painful than Botany, did not some singular spell of 


toils, what science would be more wearisome 
desire, which I myself cannot define, often hurry us into 
this pursuit, so that the love of plants often overcomes 
God! When I fate of 
Botanists, upon my word I doubt whether to call them 
Alas that so 


reward; and 


our self-love? Good observe the 
sane or mad in their devotion to plants 


much toil should win so slight a yet how 


welcome such a reward would be! 


Nor are the recognition and appreciation of the 
work of the discoverers of species always marked 


with enthusiasm. Liberty Hyde Bailey (1947) 


comments: 


One of the strangest quirks of the human mind is op- 
position to the founding of species. I do not know why 
this conceitedly senseless antagonism ever came into be- 
ing. One would suppose that men would be glad to have 
all the entities on the planet recognized and named; such 
procedure should add greatly to interest in living. We 
accept other findings in science with ardor, even very 
technical discoveries that others can never verify or even 
comprehend; yet the taxonomist who pursues his in- 
vestigation with equal honesty and conviction is met with 
indifference or even objection. In fact, the systematist is 
likely to be called either a “lumper” or a “splitter,” two 
self-confident and that 
relation to work of the 


except to 


disgraceful words should never 
have come into the language in 
taxonomist; they mean nothing expose the 
prejudices of the objector, more vehement when the ob- 
jector knows little or nothing about the group in ques- 
tion. It is supposed that one of the graces derived from 
the study 


is reason for 


is to withhold judgment until there 
statement. 


of science 
In view of the importance of this subject, it is 


289 





not surprising, therefore, that even in the eight- 
eenth century the number of species of plants was 
already under scientific investigation, although two 
thousand years earlier a beginning had been made 
by the Greeks. Table 1 summarizes the develop- 
ment of our knowledge of the number of known 
species of plants. 


Synopsis of Calculations of Number of Species 


Theophrastus (370-285 B. c.), the 
first real botanist, knew only about 500 kinds of 
plants (Hort, 1916), and for nearly two thousand 
years little was added to the scientific understand- 
ing of even the common plants of Europe. In 1753, 
Linnaeus knew only 5,950 species of all kinds of 
plants in the entire world. In 1807 Persoon recog- 
nized 20,000 species of flowering plants. By 1819 
De Candolle could account for 30,000 species. A 
short time later, Steudel (1821, 1824) enumerated 
70,000 species of all plants. One hundred years 
after the publication of Linnaeus’ Species Plan- 
was able to place the esti- 


perhaps 


tarum, Lindley (1853) 
mated number of known genera and species “as 
at 8,935 genera and 


R99 


far as was known in 1845, 
92,930 species. In 1877 Duchartre estimated the 
number of known plants of all groups at 125,000. 
In 1888, Th. Durand listed 100,220 species of 


phancrogams. 

At the beginning of the present century S. H. 
Vines, following Saccardo’s compilations closely, 
estimated the total number of known species to be 
175,596, of which 105,231 are angiosperms and 


gymnosperms. In 1910 J. C. T. Uph 
genera all plants we now include in 
‘Tracheophyta namely, pteridophyt 
sperms, and angiosperms, with a to 
families, 9,084 genera, and 137,603 
There are two practical methods for c 
the number of species already know 
scribed. First, there is the empirical 
counting all the binomials in standard i; 
second, the method of extrapolation 
certain principles of nearly constant rat 
different groups of plants. The first, an: 
more precise method, although most 
and limited, of course, to phanerogan 
the direct count of all binomials listed 
Kewensis. Since this great work is an 
a nomenclator, the count must not be 
chanically by averaging the number o! 
each column, but should be made criti 
cluding synonyms, as well as most bir 
those genera (Hieracium, Taraxacum, Ru 
known to be partly or facultatively 
Corrections should be made by compari 
Index with recent 


names in Kewensis 


monographs. Evidently this method will not ¢i 


the exact number of known species, but 


give an idea of the rates of increase in num 
and will also disclose the number of mon 


genera and families. 


The second method is based on the principles 


of Robert Brown and A. von Humboldt th; 


exists a constant numerical ratio among the larm 


TABLE 1 


DEVELOPMENT OF KNOWLEDGE OF SPECIES OF PLANTS 


All 
Plants 


300 B.c. 500 
1753 
1807 
1808 
1814 
1817 
1819 
1824 
1853 
1877 
1888 
1892 
1900 
1910 
1910 
1936 
1941 
1943 
1943 


I heophrastus 
Linnaeus A. D. 
Persoon 
Willdenow 
Brown, Robert 
Humboldt 

De Candolle 
Steudel 

Lindley 
Duchartre 
Durand 
Saccardo 

Vines 

Uphof 

Bessey 

Engler and Diels 
Jones, G. N. 
Smirnov 


Merrill 


70,000 
92.930 
125,000 


174,000 


175,596 


Only 
Spermatophyta 


20,000 


38,000 
30,000 


100,220 
105,231 
105,231 

127,603 
110,000 114,000 
165,597 
195,000 
250,000 
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iod ol 
Ss, and 
ed on 
along 


} 


robably 
DO! lous. 
only, js 


l Ind. x 


micti 
lists of 


critical 


umbers 


notyp! 


nciples 
t there 


larger 


naeus 


he plant kingdom. For example, Com- 
tains 10 per cent of the species of di- 
constitute — slightly 


groups 
positat 
i 
monocotyledons 
20 per cent of all angiosperms; and 
includes about 40 per cent of mono- 
Hemsley (1888) presents some interest- 
showing the relative position of a large 


cotylt 
more 

Or hid 
cotvle ( 


numb families (and genera) in the floras of 


the wi Although these statistics are now more 


than sixty years old, it is instructive to observe that 
the relative positions of the families 
according to botanists of that period) 
remain essentially the same today, despite the fact 
that the total number of known species has more 
than doubled. Sir J. D. Hooker (1888) comments: 
“The conditions which have resulted in mono- 
cotyledons retaining their numerical position. of 
e to four or thereabouts of dicotyledons in the 
and in all large areas thereof are, in the 
According 


gen | 


“orde 


on 
globe 
present state of science, inscrutable.” 
to this theory, the relative size of families does 
not change radically with increase in our knowl- 
edge of the species, because relatively larger num- 
bers of new species are discovered in the large 
families than in the small ones, and the com- 
parative differences remain essentially the same. 
Having determined the percentage of 
rate of numerical increase in a selected group of 
families, we can take this figure as the theoretical 
probable average for the other families. We can 
apply this coefficient to the remaining groups, 
ind thus obtain a reasonably dependable figure 
for the total number of all species of plants known 


average 


it the present time. 

Employing the first method and summarizing 
the previous twenty-five years (1910-35) of sys- 
tematic botany, E. D. Merrill (1936) estimates 
the annual accretions in our time of newly de- 


cribed species in all groups of plants to equal or 


exceed the total number of species known to Lin- 


In 1753. 
[he tremendous developments of the past hundred 
ind fifty years in our knowledge of the world’s vegetation, 
ith of reference material available in the publi 
ind private herbaria in leading countries, the vast and 
ted literature of world botany, all testify to the 
stible vitality of this, the oldest branch of botani- 
ice. Thus in the field of systematic botany cover- 
iigher groups of plants, from 1910 to 1935, as 
, nearly 120,000 new species of plants have 
ribed, averaging at least 4,800 per year. 


nexh 


ove 


wing the second method, the writer (Jones, 
ittempted to supply a summary of the 
species of plants to the end of 1940, at 
ime it was estimated that the total number 
ut 335,000. This intentionally conservative 

is, however, now in need of revision, es- 


the for the true fungi 


(Eumycophyta), compiled from Saccardo (1892) 
and Engler and Diels (1936 


pecially because figures 
were in all prob- 
ability too high. In the present revision, the com- 
1943 
been accepted instead. The principal consequence 


putations of Bisby and Ainsworth have 
of this change is that in the present discussion the 
number of fungi is reduced to conform with the 
latest critical estimates, and the numbers of gymno- 
sperms and angiosperms are revised upward, as is 
required by the steady rate of discovery and de- 
scription of new species in these groups. 

In 1943, E. 


subject, said: 


D. Merrill, referring again to this 


As various parts of the world were opened up within 
the few centuries following the expansion of the Euro- 
pean colonizing nations the number of species utilized 
rapidly increased; and this tempo of increase continues 
Within the 265,000 
new binomials have been published for the 


unabated. present century about 
flowering 
plants and vascular cryptogams alone, of which about 
194,000 represent hopefully proposed new species, the 
remainder shuffles or transfers from one generic name to 
another. The yearly average for the higher groups alone 
is now approximately 6,500 as new binomials, of which 
about 4,750 represent proposed new species. This is the 
record of the twentieth century to date. As to the total 


number of distinct and more or less “known” species, 
who shall say? [G. N.] Jones has briefly discussed this 
matter calling attention to the remarkable discrepancies 
that occur in recent texts, with a spread in the estimates 
133,000 (Uphof’s estimate of 1910) to 175,000 
for the angiosperms alone; that the total 


} 55 000 


of from 
and concludes 
for all known groups is in the neighborhood of 
Because of various complications that it is unnecessary to 
that one 
but knowing something about 
about the 
geographic distribution of individual species ; 


discuss here, I suppose that we may conclude 
guess is as good as another; 
synonymy; something limiting factors in the 
something 
about more or less universally distributed species; some 
thing about the extraordinary richness of tropical floras; 
something about the remarkable local endemism in various 
about the high 


found in all new 


tropical areas; something 
that are 


hitherto inadequately 


percentage of 


novelties collections from 


explored areas: something about 
those regions that, within the past four decades, hav 
been particularly rich in the crop of new species—-my 
guess is pretty close to that of Jones, and that the total 
number of reasonably valid described species in all groups 
is well in excess of 300,000. Even if the number of valid 
species should be only half this total, what scientist, no 
matter what his field, would even have the temerity to 
that we can get along without and 


suggest taxonomy 


nomenclature ? 
In 1943 


the number of species of plants attempts to correct 


a Russian article by A. L. Smirnov on 
some overconservative estimates made by previous 
authors. Following the method of extrapolation, 
Smirnov found that the number of known species 
in 136 selected families increased in a few decades 
from 66,000 to 115,000, or an increase of 74 per 
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cent. Assuming the same rate of increase to have 
occurred in the remaining families of angiosperms, 
he arrives at the conclusion that the number of 
known species of phanerogams is now about 250,- 
000, and that it 1s safe to assume that ultimately 
we shall discover close to half a million. 

In 1948 Hutchinson concluded that there are 
at least 14,000 genera of flowering plants in about 
340 families. This is almost the number 
recognized in the latter half of the nineteenth 
century by Bentham and Hooker, who treated 
7,585 genera of angiosperms (A. Gray, 1883) in 
their Genera Plantarum. J. C. Willis (1940) re- 
cords that 4,853 of the 12,571 accepted genera of 
all vascular plants (up to 1915) are monotypic, 
or nearly 40 per cent. A similar conclusion is drawn 
by Bisby and Ainsworth concerning fungi—namely, 
that nearly half the known genera are monotypic. 


twice 


Species of Fungi 


Saccardo’s estimates (1892) for the fungi, and 
predictions of numbers of species yet to be dis- 
covered, were probably rather high. As pointed 
out by Bisby and Ainsworth (1943), Saccardo’s 
main task in the Sylloge Fungorum had to be the 
compilation of new descriptions—addition not 
subtraction. “The figure for Myxomycetes is about 
double the correct number; that for Fusarium 

over 500) nearly ten times the number now ac- 
cepted, and so on.” These authors present a table 
of the number of genera and species of fungi up to 
1940, giving a grand total of approximately 37,500 
species in 3,500 genera, but they conclude that 
for several reasons this number of species is too 
large, and that “there are about 34,000 species 
now known, of which no more than 25,000 are 
based on morphology.” They conclude that prob- 
ably about one third of the existing species of fungi 
have been described to date, and that there may be 
altogether as many as 100,000 species, because 


tropical and most other areas when thoroughly 
explored by mycologists will yield thousands of 


previously unknown fungi. 
Two years later these authors say that 

there are 7,405 generic names, 3,705 “good” (1,765 
monotypic) + 3,700 syn., or uncertain, with some 38,000 
sp., and it is probable that there are at least 100,000 
species of Eumycetes present on the Earth. It is true that 
there are even now some 100,000 specific names, but less 
than 40,000 are taken as “good,” and a great number of 
these are based on morphology + host. The number is still 
smaller if fungi having named perfect and imperfect 
forms are taken into account. There are some 200,000 
“good” species of Phanerogams. The number of individual 
fungi is very great. For example, in 1 gm. of soil there 
may be 100,000 or more living fungus spores or bits of 
mycelium, and an even greater number of bacteria. Al- 


999 


496 


most all organic materials in nature are bro 
different fungi; almost every higher plant ma 
by fungus parasites. 


Another comment on the numbers 
made by Martin (1941) as follows: 


It is difficult to estimate, with any assuran € total 
number of species of fungi. One obvious rea 
is the fact that many fungi are extremely in 
and are very likely to escape observation ur 
search is made for them. This is particularly 
forms which, unlike the plant pathogens 
groups, are not of immediate concern to son 
interest. Another reason is the difficulty of f, 
a species concept as applied to fungi comparable wit} 
that used in the study of other groups, notab! 
cular plants. In the twenty-five volumes of § 
SYLLOGE FUNGORUM, the latest of which 
in 1931, over 89,000 species are listed. Some of 
have been shown to include two or more related but 
distinct species and the number would be corresponding) 
increased. A larger number have been shown to 
nyms, thus decreasing the total. One suggestive 
is a comparison of parasitic fungi and host plants. Fo 
several years the class in mycology at the University oj 
Iowa has been asked to tabulate the number of parasitic 
fungi listed in Seymour’s HOST INDEX as occurring 0: 
vascular plants selected from Gray’s MANUAL by a: 
arbitrary system of sampling designed to eliminate an) 
selective factor. The result, when the sample is sufficient! 
large, has uniformly been a number of host species « 
fungi varying from approximately the number of species 
to several times that number. When the host sampl 
restricted to a large family, such as the Compositae, th 
number of species of fungi is relatively low, due to dupli- 
cation, as might be expected. The vascular flora of Iow 
may be regarded as well known, and the fungi as rela 
tively so. Gilman and Archer (Iowa State Coll. Jour. Sci 

5 


the vas- 
ardo’s 
peared 


these 


be syno- 


ipproat I 


3: 299-502. 1929) and Gilman (ib. 6: 357—365. 1932 
list 995 species of fungi occurring on 103 
of which 1008 are vascular plants, almost exactly 
eighths of the vascular species occurring in Iowa 

is nO reason to suppose that the remaining three-cighths 
are free from parasites. When to these are added the ver 
large number of fungi occurring in soil and on orgat 
debris of every sort it is not unreasonable to postulat 
that the number of species of fungi in this area is not 
less than the number of species of vascular plants and t 
hazard the suggestion that such relation may hold f 
much of the land area of the world. 


5 host spe 


Table 2 
known species and genera of all plants up to 
The classification is that of Tippo (1941, 1942). A 
notable feature is the disparity shown between th 
number of species included in the different 


shows the approximate numbers 


145| 


groups. By way of general explanation it would 
seem probable that the smaller groups | 
their numerical peak in past geological p 
whereas at the present time the flora of th: 
is characterized by the preponderating angi‘ 


al hed 


rods 


and fungi. 
Toward the end of the nineteenth centu: 
100,000 species of living seed-plants were 
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TABLE 2 


1ATE NUMBERS OF KNOWN SPECIES AND 


GENERA OF ALL LIVING PLANTS 


Major Groups Species 
“Thallophyta” 


Subkingd 
yanophyta (blue-green 


Phylut ne 
aleac 2,500 

Phylum Euglenophyta (euglenoid 
335 


5,700 


algac 

Phylum Chlorophyta (green algae ) 

Chrysophyta (yellow- 

ereen algae, diatoms ) 

Phylum Pyrrophyta (cryptomo- 
nads, dinoflagellates, etc. ) 

Phylum Phaeophyta (brown 
algar 

Phylum Rhodophyta (red algae) 

Phylum Schizomycophyta (bac- 


5,700 
1,000 


900 
2,500 


teria 1,335 
Phylum Myxomycophyta (slime 


$50 
10,000 


Tung 
Phylum Eumycophyta (true fungi 
ibkingdom ‘‘Embryophyta”’ 
Phylum Bryophyta (bryophytes) 
Class Musci (true mosses ) 14,000 
Class Hepaticae (liverworts ) 8,500 
Class Anthocerotae (hornworts ) 320 
Phylum Tracheophyta (vascular 
plants 
Subphylum Psilopsida (psilop- 
sids 
Class Psilophytineae 
Order Psilotales 
Subphylum Lycopsida (lycop- 
sids 
Class Lycopodineae 
Order Lycopodiales (club 
mosses ) 
Order Selaginellales 
Order Isoetales (quillworts ) 
Subphylum Sphenopsida 
sphenopsids ) 
Class Equisetineae 
Order Equisetales (horse- 
tails ) 
Subphylum Pteropsida 
pteropsids ) 
Class Filicineae (ferns) 
Order Ophioglossales 90 
Order Marattiales 190 
Order Filicales 9,000 
lass Gymnospermae 
gymnosperms ) 
Order Cycadales (cycads ) 
Order Ginkgoales (gingko) 
Order Coniferales (coni- 
fers ) 
Order Gnetales 
iss Angiospermae 
flowering plants) 
Subclass Dicotyledoneae 
Monocotyledoneae 


200,000 
50,000 


344,215 


Subclass 


Genera 


9,500 


3.000 
19,000 


Taking the extremely conservative rate of discovery 
as only 3,000 “good” species per annum (about 
three fifths of Merrill’s estimate), at the very least 
there have been 155,000 new species discovered 
during the past fifty years. This brings us the esti- 
mate of 250,000 known species of seed-plants at the 
middle of the twentieth century. This conclusion 
is supported by compilations from a number of 
modern taxonomic monographs and revisions, as 
well as from the sixth edition of Willis’ Dictionary 

1931), and Engler and Diels’ Syllabus (1936 
That this computation is probably not excessive is 
suggested by the fact that in the twenty largest 
families of dicotyledons there are more than 100,- 
000 known species. In monocotyledons more than 
half the known species belong to two families, 
Orchidaceae and Gramineae. Similar estimates fo1 
all seed-plants have been reached independently 
1943), 1949), 

The figures for algae and bryophytes are from 
G. M. Smith 
Drouet, curator of cryptogamic botany, Chicago 


by Smirnoy and ‘Turrill 


1938), but according to Francis 


Natural History Museum, the numbers of blue- 
green algae as commonly given in textbooks are 
much too high. Thousands of names must be with- 
drawn as synonymous, etc. Too many new species 
have been described because the plants collected 
did not look like the published drawings. The num- 
ber of valid species will be substantially reduced, 
as many so-called species are no more than growth- 
forms and not taxonomically recognizable entities. 
The modern estimates fer fungi are from Ains- 
1945), 
1946), with a few addi- 


worth and Bisby and those for gymno- 
sperms from Buchholz 
tions during the past five years. Th. Just expresses 
the opinion, based on his current studies of cycads, 
that this group should be scaled down to 80 o1 
fewer species. The data for species included in the 
subphyla Psilopsida, Lycopsida, and Sphenopsida 
1936). 


and 


are according to Engler and Diels and for 
1938 


1947). Thus, the approximate number of more 


Filicineae, Christensen Copeland 


or less known species in the larger groups of plants 
may be estimated as algae, 17,235; fungi, 40,000; 
bryophytes, 23,000; ferns, 9,000; gymnosperms, 
722; and angiosperms, 250,000; and the total num- 
ber of all species of living plants known in the 
middle of the 
nearly 345,000. 


twentieth century is seen to be 
Even so, it appears probable that we have not 


yet made the acquaintance of half the existing 


species of plants. After more than two centuries of 


progress, descriptive systematic botany can be said 
to have scarcely made much more than a good be- 
gcinning. We are still in the exploratory stage. Every 


G3 





botanical expedition brings back quantities of devotion and critical attention to the 


specimens of newly discovered species. For ex- study, merit the greatest respect of ot 


ample, Julian Steyermark, of the Chicago Natural mists and scientists in general. It shou 
History Museum, tells me that of 8,102 collections 


tioned, of course, that the greatest nun 
he made in Venezuela, 550, or nearly 7 per cent, 


species was from previously botanically 
turned out to be new species. In an area in the or slightly explored regions. Practical 
state of Tachira 165 of the species collected are 
“new.” On a trip to Mount Duida, out of 800 col- 
lected, nearly 100 are new species. 


species encountered are endemic to thos: 
places where they were collected. “It 
no exaggeration to state,’ says Steye 
Although Mount Roraima has been explored since the view of my own experiences in Ven 
days of Schomburgk, slightly over 100 years ago, my col- other countries. such as Guatemala an: 
. r ¢ se 3 . ¢ oe . ’ > m ‘ ‘ 
lections from that area yielde d a 5% turnout of new that the numbers of new species of vascu 
species. In Ptari-tepui 15% of the flora proved to be ; 
. d ; aes . not to mention the cryptogams, yet to be 
new to science. In some parts of this region even highe1 ; : pares ae ; 
concentrations of new species were found. For example, 1" the New World tropics will be legio: 
Carraotepui (a spur of Ptari-tepui) yielded 25% new That these conditions are not confine¢ 
species, the mesa at the base of Ptari-tepui in the region ca] regions and that similar opportunitie 
Santa Teresita de Kavanayen yielded 29% new specie . . . . 
of Santa Teresita de Kav imayen yit Ided 29% new SOC, ol seamen, diacowsion sa ie thy 
an area on the slopes of Ptari-tepui yielded 30% new 
species, while three collections taken from a small stream ‘ ’ : y 
yielded 100% new species. regions, is shown by the following excer 


States, as well as other relatively well-l 


It should be emphasized that the high proportion study of lichens. 
of new species discovered is by no means the result To summarize the contributions to the ki 
of one taxonomist’s “fine splitting,’ but that it ers nets eee See ey, rage Hp 
; : : approximately tripling the number to_ be 
represents conclusions reached by leading authori- — ..cyihed to the Adirondack mountain area fron 
ties of various plant families, combined with Dr. _ reports. Of these 88 species 5 new species and ot 
Steyermark’s own general studies outside those par- variety have already been described by Dr. A. H 
ticular families. That these are well-marked dis- usson from these collections, and 15 additional spr 
are described as new in this paper; 16 species are 
ported for the first time from North America: 8 s 
represent marked extensions of the known range, 
of those particular families, and who, by virtue of — species are reduced to synonymy (Lowe, 1939 


tinct species is borne out by the judgment of spe- 
cialists who have devoted all their time to the study 
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ineral Resources and 
nternational Understanding 


KIRTLEY F. 


MATHER and HOWARD A. MEYERHOFF 


The authors of this article have much in common. Both are officers of the 


AAAS, both taught for man) 


years in Massachusetts institutions of learning, 


and both have wandered off the beaten track in search of geologic facts. Thetr 


concern about international interdependence seems to have 


had its origin in 


expeditions to Latin America, designed to locate mineral reserves that might 
be utilized to the mutual benefit of the countries south of the border and of the 


vledge L.MOST every application of science through 


— technology to human affairs involves new 
easona 


or increased demands upon the mineral 
Mechanization 
{ industry, commerce, and agriculture inevitably 


1 existing i, é 
stored within the earth. 


one : resources 
H. Mag 
Al species {MM leads to an increase in per capita consumption of 

metals, nonmetallic minerals, and mineral fuels. 
Man has extracted and used a greater quantity of 
mineral resources during the past half century than 
throughout all the preceding millennia of human 
history. We may confidently expect that even 
sreater demands will arise during the second half 
unless “civilization” 


the twentieth century 


lestroys itself—as the benefits of science are ac- 
ired in greater measure by the large fraction of 
mmanity not now enjoying them to any signifi- 


The 


international 


ant deeree. influence of mineral resources 


ipon relations has already been 
profound, and it will become more rather than less 


notable during the next few generations. 


Every Nation Dependent on Every Other 


to any consideration of the potentialities of 

that influence is the fact that mineral resources are 
not renewable. They are in the category of nature’s 
stored capital, not of man’s annual income. Al- 
the geological processes responsible for their 
continue to operate today as they did dur- 
nt geological time, the rate at which those 
produce results is so slow that it has re- 
undreds of thousands of years to provide 
irces that man now uses in a single year. 
practical purposes the earth must be con- 
is a storehouse of mineral resources, not as 
. The stores of certain substances are so 


United States. 


abundant that all human requirements may easily 


be met for many thousands of years in the future, 
but others are present in such short supply that 
they will be exhausted within a few centuries, 


and substitute materials, or alternative sources of 
the same materials, will have to be found. 

Equally relevant is the fact that many of the 
most important mineral resources are available in 
only a relatively few places, widely scattered over 
the earth’s surface. It was the high-grade iron ore 
of Minnesota, the English Midlands, and Lorraine, 
combined with the readily accessible coal of Penn- 
sylvania, Wales, and the Ruhr that enabled the 
United States, Great Britain, and Germany to at- 
tain outstanding leadership as industrialized nations 
during the last half of the nineteenth century. At 
the present time the demands of industry for min- 
eral resources have become so diversified that ma- 
terials must be brought to manufacturing centers 
from hundreds of different types of mineral de- 
posits, many of them in remote parts of the earth 
No nation, with the possible ext eption of the Soviet 
Union, covers a sufficient variety of geological 
structures to permit its citizens to secure from 
domestic sources adequate supplies of all the min- 
erals required for industrial maturity in this age of 
science and technology. Mineral interdependence 
among the nations of our well-stocked earth is one 
of the most significant facts of life at this mid- 
point of the twentieth century. 

Today the United States is inescapably depend- 
ent upon foreign sources for the ores of nickel, tin, 
cobalt, and uranium. Our domestic sources of anti- 
mony, chromium, manganese, mercury, tungsten, 
and platinum are woefully inadequate to meet our 


95 





needs. We are the largest consumer among the 
nations of the world for almost every item on the 
long list of mineral resources, but we are at the 
bottom of the list of nations arranged in order of 
production of certain of those items, and far below 
the top for many others. Stockpiling of certain 
mineral supplies to be ready for a possible emer- 
gency is an obvious necessity under present con- 
ditions and drives home the fact that we are not, 
and cannot be, a self-sufficient nation. 

From a strictly geological viewpoint, it is now 
evident that the earth is far better adapted for 
occupation by men organized on a world-wide 
scale, with maximum opportunity for free exchange 
of raw materials and finished products, than it is 
for occupation by men who insist upon building 
barriers between regions even so inclusive as a 
large nation or an entire continent. That men have 
not followed this directive, implicit in the structure 
of the earth, makes all the more poignant such a 
symposium as that in which the authors presented 
this paper. 

In the past, the geologic factors that’ determine 
the nature, location, and quantity of various min- 
eral resources have impelled men andenations on 
many occasions to bitter, even bloody, competition 
and on other occasions to mutually beneficial co- 
operation. When the problem of securing adequate 
supplies for normal needs moves outside the na- 
tional picture into the international scene, the 
methods used in the attempt to solve it seem to 
have been determined by considerations quite out- 
side the field of geology. Japan’s need for Philippine 
ores and Chinese coal was one of the causes of 
Japanese aggression during World War II. Ger- 
many’s dependence upon Sweden’s iron ore, prior 
to and during that war, had much to do with the 
maintenance of friendly relations between those 
two nations while the other countries of north- 
western Europe were the victims of German mili- 
tarism. 

Even so, the pattern of human relations devel- 
oped in response to the necessity for exploiting 
mineral deposits cannot but be influenced to some 
extent by the geologic conditions responsible for 
their occurrence. A few of the highly prized or 


very essential minerals require such exceptional 


conjunction of geologic materials and processes 
that high-grade deposits have been formed at less 
than a dozen places throughout the entire earth. 
It is possible, consequently, for a small group of 
individuals within two or three nations to gain 
monopolistic control of them. International cartels 
and monopolies have both good and bad reper- 
cussions on international understanding, but the 
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bad effects outweigh the good in aln ever 
instance. The British-Dutch control of searly. i 
the high-quality diamond resources of 14 
has contributed notably to the economi: 
tural ties that unite The Netherlands 

Britain with far greater durability tha 
guaranteed by treaties of alliance. Fo) 
gem stones are not essential to the indu 


World 
nd cul. 
1 Great 
Can be 
nately 
rial de. 
velopment of retarded peoples, and the industria) 
diamonds that are essential to that dey 
are so widely distributed among the rocks 
earth’s crust that it is impossible for them to by 
subjected to monopolistic control. 


Opment 


Ol the 


In contrast, both nickel and tin are 
to technologic progress, and both are so limited jy 


ssentla 


their occurrence as to make such controls possible 
The development of the world’s No. 1 body of 
nickel ore in Canada by Anglo-American capital 
and brains has helped to bring together Canada 
and the United States in mutually beneficial under. 
standing, but the virtual monopoly of nickel ha: 
stimulated jealousies and antagonisms toward th 
English-speaking countries among less fortunat 
nations. The exploitation of the few ore deposits of 
tin that are both high in quality and great 
quantity of tin-bearing minerals is also an obvious 
case in point. It is almost as though Mother Ear! 
has perpetrated a grim joke upon mankind. Not 
one of the industrially mature nations has within 
its own borders adequate sources of this metal 
so essential in a mechanized economy. Every on 
of the rich sources is in a region inhabited | 
people who until lately had little or no need for it 
The stimulus toward fastening imperialistic con- 
trols upon colonial dependencies has been almost 
inescapable. The operations of the international 
cartel controlling tin have been notorious 
causing friction and tension among many 
tions. Only the best statesmanship can make pos- 
sible the future exploitation of tin ores for tht 
mutual benefit of all mankind and the increas 
harmonious understanding among all nations 
Especially critical in this consideration is | 
future use of the uranium resources of the earth 
There are probably not more than half a dozen 
large, high-grade ore bodies of uranium anywher 
in the world. None of these is in the United States 
The geology of uranium ores is such as 
home the fact of mineral interdependenc: 
vengeance. It also makes possible monopolist! 
trol that has far-reaching significance. Th« 
required for the application of atomic e! 
the future industrial and commercial dev: 
of mankind, in such a way as to promote 
harmonious relations among all nations, 
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least as high an order as that required 


to be ( 
the destruction of civilization by atomic 


to pres 
weap' I 
For t 


nign 


itely there is increasing evidence of be- 
equences deriving from the dependence 
iratively powerful nations upon weaker 

for essential minerals. The steel-pro- 
ducing corporations of the United States are al- 
ready beginning to draw upon the iron ores of 
Cuba. Chile, and Venezuela. Until recently, this 
has involved little more than the exploitation of 
the large, high-grade foreign ore deposits for the 
benefit of American citizens. A new pattern is, 
however, emerging, as seen for example in the 
Volta Redonda project in Brazil. Here the ex- 
ploitation of rich ore bodies, with the benefit of 
American capital and intellectual skills, is coupled 
with the industrial development of the country in 
which the ores are found. Opinions differ as to the 
economic success of this project, but it is none- 
theless significant as a new chapter in international 
relations. In fact, without benefit of diplomatic 
intervention, a similar pattern is being developed 
in Chile, where one of the great American steel 
corporations is providing—for a consideration, to 
be sure—-iron ore from its mining operations near 
Coquimbo, to be combined with beneficiated coal 
from the Concepcion district. As a result, Chile 
will soon have steel production adequate for its 
current limited needs. The projected development 
of the extensive iron ores of the Labrador-Quebec 
region is another international that is 
certain to lead in several interesting directions, 
most of them involving closer industrial and eco- 


of cor 


neighb 


venture 


nomic cooperation between Canada and the United 
States 

Numerous additional illustrations of this modern 
trend might be cited by reference to many other 
strategic mineral resources, technological develop- 
ments, and wholesome symptoms in international 
understanding, but it would probably be more 
helpful at this time to suggest some fundamental 
principles of governance for those responsible for 
dealing with the problems resulting from the fact 
ol mineral interdependence. To do this, let us 
consider petroleum in accordance with the familiar 
pedagogical process known as the case method. 


lo date, approximately 63 per cent of all the 

’s oil thus far extracted from the ground 
been produced and consumed within the 

i States. A century ago, before the petroleum 
industry was born, the United States possessed 
somewhat less than 20 per cent of the world’s avail- 
able crude oil resources. The disparity between 


thoss two percentages is great and startling. It 


Ma )] 


has obvious consequences. At present, American 
consumption of petroleum is increasing, but Amer- 
ican reserves are rapidly diminishing. The fact that 
“proved” reserves of crude oil have increased 
somewhat in each of the past five years, so that 
today they are about thirteen times our current 
annual consumption, should not cloud the picture, 
with its stark portrayal of dwindling stores of this 
mineral fuel. As oil fields are discovered and ex- 
ploited, the “probable” and “possible” reserves are 
systematically reduced by transfer to the category 
of “proved” reserves, and the date of complete 
exhaustion of all reserves draws ever nearer. 

At the present time, the consumption of petro- 
leum products in the United States has risen to the 
point where it normally exceeds domestic produc- 
tion and has led inevitably to the intensive develop- 
ment by American corporations of the oil fields of 
Latin Middle East. This 


necessarily strengthened the commercial ties with 


America and the has 
the oil-producing countries of those regions. In 
general, the results have been encouraging, as a 
consequence of the intelligence and vision of the 
executives of those corporations, who have almost 
uniformly adopted policies that contribute to the 
cultural and economic welfare of the communities 
from which the oil is drawn. To be sure, the mono- 
mineral economy of Venezuela, where oil is the 
one large source of revenue, cannot permanently 
But the 
that economy are already being offset by the de- 


endure. unwholesome characteristics of 
velopment of the iron ores in the highlands south 
of the Orinoco River and by intensive search for 
bauxite and gold in the same general area. 

To complete our picture, it should be noted that 
the percentage of the world’s oil consumed in the 
United States is decreasing, as other nations step 
up their consumption. Over the next ten or twenty 
years it will probably decline to 55 per cent, or 
even less, of the whole. At the same time the dis- 
covery and production of foreign oil by American 
interests are increasing. At present, Americans con- 
trol approximately 62 per cent of the estimated 
proved crude oil reserves of the world—-33 per cent 
in the United States, 29 per cent in foreign lands. 
Thus, if good international relations can be main- 
tained between the United States and the oil-rich 
countries of Latin America and the Middle East, 
Americans may confidently expect to enjoy their 
fair share of the world’s oil as long as it lasts. 


The Next Fifty Years 
Assuming now that men in general make a real 


effort to the 
geologic structure and history of the earth, as set 


obey directive established by the 
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forth in an early paragraph in this article, and of iron ore and of world consumption 

seek to share as fairly as possible the rich resources — similar to those in the United States at 

of the bountiful earth, the steps to be taken will time. But for high-grade iron ore the r 

be as follows. First, get from the geologists an a lower percentage relationship to the w 
estimate of the total proved or highly probable and therefore importation of high-grad 
reserves of each important mineral resource avail- abroad is justifiable at least for a few y: pend. 
able for exploitation during the next fifty years ing the expected improvement in n ae 
throughout the world as a whole. This figure is utilizing the lower grades of ore. But ¢! 
now available, thanks to geologic research during States ought to be careful about expor 

the past fifty years. For some minerals it can be quantities of iron and steel in the for 
given with a high degree of precision; for others sumer goods. It is far better to export 

the margin of error, because of inadequate knowl- tools with which other people can fabri 
edge about considerable areas not yet covered by own consumer goods from their own iron 
anything more than sketchy, reconnaissance sur- to ship locomotives and freight cars tha 
veys, is still very large. For a few mineral re- our resources of iron ore at a much m« 
sources, only an order of magnitude can be in- rate. 

dicated. Second, note for each mineral the A third example will suffice. The copp 
percentages of the world’s resources possessed by — serves of the United States are dwindling 
each nation, listing colonial dependencies and and within the fifty future years for which \ 
overseas territories as separate units. Third, get taking thought our nation will be defi: 
from the economists statistics of recent annual con- _ have-not nation for this important ingredic: 
sumption of the products from each resource within — age of electronics. Our reserves are a much 
each country and compute percentages of the percentage of the world’s reserves than is ¢ 
world’s total for each. Fourth, make estimates of — centage of world consumption. Already 


the probable needs of each country for each min- _ partially dependent upon imports of copper fro: 


eral resource during the next fifty years. Here, Peru and Chile and are even importing coppe 
again, there will be considerable differences of from Africa—all in accordance with the formu 
opinion among the so-called experts, and appre- _ set forth in the foregoing paragraph. But there ai 
ciable margins of error must be recognized. Never- other, largely unexploited reserves of copper o1 
theless, relative orders of magnitude can be ascer- in certain other countries to which we may have 
tained, at the very least. turn before the end of the century. Yugoslavia, ! 
With these data in hand, policy decisions may be example, possesses extensive reserves that ha\ 
made on a rational basis. Where the percentage of hardly been tapped as yet, and it might well b 
resources for a country is far greater than the per- wise policy to cultivate good relations with 
centage of need, that country should be expected country for this reason, quite apart from 
to approve the exportation of the particular mate- reasons now being advanced for seeking an under- 
rial to other countries. Where the percentage of standing that would be to the mutual advantag 
resources is far less than the percentage of need, of both countries. 
the country should expect to import the particular Incomplete though our survey has been 
material from the country or countries that possess nevertheless adequate to indicate that the nat 
it in great abundance. Where the two percentages and distribution of mineral resources provid 
are of the same order of magnitude there should abundant opportunity for the cultivation 
be no need for international transport of anything friendly relations among the various members ©! 
except skilled technical personnel and ideas con- the human family. The obstacles to internatiot 
cerning the intricate business of exploitation, proc- understanding do not now reside in the geology ‘ 
essing, and conservation of resources. geography of the earth. They exist solely in th 
On that basis, the United States should not send minds and emotions of human beings. If sinc 
abroad any of the ordinary petroleum products, desire for comity and justice can spread wid 
whereas Venezuela, Saudi Arabia. Kuwait, Iran, throughout all mankind and become dominat 
and Iraq should export petroleum products and among the motives of men everywhere, 
crude oil, pending the construction of refineries ploitation of mineral resources may play 
within their own borders. This of course is what is nificant role in expediting progress toward 
now being done. In this instance, international welfare on a world-wide scale—the only du 
understanding is on a sound basis. In the case of | within which real and lasting welfare can 
iron, the percentages of world reserves of all grades attained. To the abundant knowledge abo 
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es now available must be added an day can foresee the results of the scientific research 
ndant good will, if international under- — that will be prosecuted during the next fifty years 


resent 
=a actually sought. If we in our generation have learned how to take 
total the nitrogen out of the air, where it is present in 
fron Som you are perhaps surprised that geol- practically unlimited amounts, and transform it 
pend. Mm ovists. stomed to think and speak in terms of into food for plants, have discovered how to re- 
ds of HB million: vears, should limit their consideration move magnesium from sea water, where it is 
nited [of the future utilization of mineral resources to a similarly abundant, and alloy it with aluminum 
larce [period as short as fifty years, as we have done here. for airplane frames, have even penetrated the mi- 
con. J What ut subsequent centuries when some of —crocosm within the nuclei of atoms and made avail- 
achine Mi the nonrenewable resources, apparently already in able the energy pent therein, surely those who 
their HP rather rt supply, will have been completely come after us in the twenty-first century will be 
es than xhaust The question is a fair one, and we able to solve the novel and unpredictable problems 
deplete {should not be permitted to dodge it. So far as the of their day—at least as satisfactorily as we are 


rapid fi ceologic history of the earth can indicate, there is solving the problems of our day. Quite possibly, it 
every reason to expect that our planet will continue we behave ourselves during the remaining half of 
per re. [to provide a favorable environment for creatures this century, they will be our own descendants, in- 


rapid), ike ourselves throughout countless millions of — heriting from us the flair for scientific inquiry that 


future vears. has brought us so far along the road toward efh- 
itely [here is, however, good reason for limiting our cient and comfortable existence with its poten- 
it of an JB sights to a period of only a few decades. No one to- | tialities for “abundant” life. 
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Biological Resources as a Factor 
in International Understanding 


KARL SAX 


Director of the Arnold Arboretum and professor of botany in Hai 
versity, Karl Sax gained his botanical knowledge in institutions at | 
the continent (Washington State College and Harvard). As a plant 


he has been interested in improved varieties and crop yields 


intere 


him to appraise the adequacy of biological resources for the food req 


HERE can be no firm foundation for inter- 

national understanding until most of the 

world’s people attain a reasonable level of 
economic and educational development. Today 
nearly two thirds of the world’s 2.4 billion people 
live little above subsistence levels, with totally 
inadequate food, shelter, or medical care.’ Most 
of these people cannot be expected to utilize the 
techniques of modern science in developing a na- 
tional economy, nor can they be expected to take 
an active part in developing new world order 
until economic and educational conditions are 
improved. 

Promises of an abundant life for all mankind 
are often made with no consideration of the popu- 
lation problem. The world’s biological resources 
must be considered in relation to human popu- 
lations. Not only do we have to provide materially 
nigher living standards for nearly two thirds of the 
world population, but we must provide for an ex- 
panding population for many decades. At the pres- 
ent growth rate more than 200 million people are 
added to the world population every ten years.’ 
Every decade resources of the world must provide 
for an added population equal to that of all of 
North America. The problem is made much more 
difficult by the fact that the greatest growth, or 
potential growth, is in the undeveloped areas of the 
world, where population pressure is already acute 
and living standards are low. 

The development of the mineral resources of the 
world is essential for a modern civilization. Mather 
and Meyerhoff have shown that most of these re- 
sources are adequate for many centuries. With 
the demands of our 
oil, coal, and mineral resources will be greatly ac- 
celerated, and in the case of liquid fuels, scientists 
are already considering the use of farm and forest 
products to meet our needs. As demands increase 
and nonrenewable resources decline, there will be 


increasing industrialization 


of the world’s growing population. 


an increasing need for biological resour 
dustry. 

Can the world produce the biological and othe; 
Charte 
pledge to achieve “freedom from want among 
the people of all lands”? The basic facto: 
food supply, for without adequate nutrition 1 


resources needed to redeem the Atlanti 
is. the 


people can maintain the health and vigor neces. 
sary for the economic development of 
Before World War II the 
production was about 1,000 million tons annually, 
but still two thirds of the world’s people did not 
get enough to eat. In most of the world the dietary 


their 


resources. total food 


standards are now lower than they were before thi 
war, Owing in part to an increase in population o! 
about 10 per cent during the past decade. If the 
dietary level of the undernourished people of the 
world were to be increased to minimum nutr- 
tional standards, world food production would 
have to be raised at least 30 per cent over prewai 
levels. In order to provide optimum diets in accord 
with dietary standards in the United States, the 
world output of food would have to be more than 
doubled. 

The world can produce more food either by in- 
creasing the yields of land already in cultivation, 0! 


by bringing into cultivation new land not now 


» alter- 


used for agriculture. The first of these tw 
natives is the most feasible, since most of the fertik 
land that can be farmed profitably is alr dy 
cultivation. In most of the world, yields per act 
can be increased substantially by the use o! mor 
fertilizers, better farm management, and the ¢ 
velopment of better varieties of crop plants Yields 
per acre in different parts of the world vai 
mously, as a result of differences in soil, 

and farm management. Western Europe p! 
about three times as much food per acre a 
United States and Canada, partly because 

and more intensive 


favorable weather 
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use of fertilizers and a better system 


tion. Even eastern Asia produces twice 





d per acre as we do, in spite of the lack 
ial fertilizers and modern methods of 


f com 







ylant diseases and insect pests. Japan’s 
per acre is twice that of China, and 


control 






product 
oduction per acre is twice that of India. 
\siatic countries high production is 
intensive cultivation, but with 





China’s 
In the : 













achieved by very 

| avery low output per man. 

Us [heoretically it is possible to double the yields 
on yer acre in most of the world. Since the first world 
that led war, yields per acre in the United States have in- 
remen reased at an average rate of about 1.5 per cent 

annually, owing largely to the increase in use of 

= commercial fertilizer, better farm practices, and 

ye, dev lopment of better varieties of crop plants. 
Western Europe has already developed a high de- 
— cree of agricultural production without exploit- 
_— ing the soil resources and without excessive use 






among 





manpower. In Asia, however, high yields have 
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is the . r a gae : 
_ been attained by intensive cultivation and _ in- 
OP 10 Ba veased use of manpower to the point where re- 
gree turns per farm worker are pathetically low. There 
| food ja be no hope of high living standards if most of 
vually. working population is engaged in producing 
in * Blood for its own consumption. History proves that 
“we 1 modern civilization depends upon the release of 
ie ih labor from food production so that ‘manpower 
‘on of Moe be devoted to industry, transportation, educa- 
If the Mee" and the arts and sciences. 
vee Robert M. Salter," of the U. S. Department of 
sist, Agriculture, has estimated the possible increased 
would A" lds per acre of the cultivated land of the world. 
ame by 1960 it should be possible to increase prewar 
er vield by about 25 per cent in the United States, 30 
— the geet cent in China and the USSR, and 50 per cent 
than India. For the world as a whole, an increase in 
vields per acre of about 30 per cent is postulated. 
st In order to attain such yields, Dr. Salter estimates 
nor Mat it would be necessary to increase the con- 
ais sumption of phosphate fertilizer eightfold, and 
sees potash eighteen times present consumption, plus 
stile M-USe Increases of nitrogenous fertilizers. 
i i According to Salter, the prewar production of 
acre iood in the world was about 1,000 million tons an- 
we nually by increasing the yields of land already in 
a cultivation by about 30 per cent, total yields of 
‘eld | arly 100 million tons of food could be expected 
nor. (>) /00. Allowing for population growth, the food 
vate. Mpeeds of the world are estimated at about 1,630 
uces uuillion tons. These estimates are based upon goals 
the by the Food and Agriculture Organization of 
- the United Nations. The proposed increase in 
iva- Mee’ 'ary standards for subsistent areas is at mini- 





mum levels with a proposed increase from about 
2,200 to less than 2,600 calories per day per person 
Even with these limited goals the increased pro- 
duction of food postulated from present cultivated 
land is not enough to meet even minimum needs 
by 1960. 

More land must be brought into cultivation. Ac- 


cording to FAO estimates, the land now in culti- 


vation totals about 2.4 billion acres, or 1 acre 
per person for the world population. The amount 
of land per person varies greatly—from about 


t acres in North America to 0.5 in eastern Asia. Dr 
Salter assumes that a billion acres of tropical land 
which could be brought into cultivation would 
yield nearly 1,200 million tons of food, bringing 
the total production up to 2,460 million metric 
tons. In addition, another 300 million acres of land 
in the Temperate Zone would be expected to yield 
another 120 million tons of food, or a grand total 
of more than 2,700 million tons—far above the 
minimum needs of 1,630 million tons. 

The estimates of potential increased yields from 
present land are conservative, but new tropical 
land is expected to produce more than present 
vields of all land now in cultivation, or nearly 
three times as much per acre. Most tropical areas 
will produce two crops each year, but the tropics 
present other problems in crop production. Ac- 
cord to Robert L. Pendleton, protessor of tropic al 
soils and agriculture at The Johns Hopkins Uni- 
versity, “except for relatively very small areas of 


alluvial soils. 


soils from volcanic ash and recent 
most of soils of the tropics, judged by temperate 
zone standards, are extremely low in plant nutri- 


ent substances and organic matter: nor are most 
temperature zone methods of fertilization or soil 
With suitable water 


appropriate. 
is unique in being 


management 
conditions padi (lowland rice 
able to produce food continuously from even very 
poor soils; under upland conditions tree crops are 
the best means of utilizing most tropical soils.” In 
general the crops best adapted to the tropics re- 
quire much preparation of the land—the removal 
of natural forests and replacement with tree crops, 
or the provision of a controlled supply of water 
Under favorable conditions high yields per acre 
can be obtained, but for many tropical crops the 
production per man is low. 

The increased food supply from the new tropi- 
cal land would consist largely of cereals, roots and 
sugar, vegetable oils. According to 
estimates made by Charles E. Kellogg, of the 
U. S. Department of Agriculture, the supply of 
meat would increase only 13 per cent, and of milk 
only 5 per cent. Yet these are the very foods that 


tubers, and 





1 






are needed most in a hot humid climate in order 
to maintain health and vitality. 

The rapid loss of organic matter and excessive 
leaching of plant nutrients in most tropical soils 
are only part of the difficulty in developing an ex- 
tensive tropical agriculture. As Clarence A. Mills* 
has pointed out, people who live year after year 
under a blanket of moist heat do not maintain an 
active life or high vitality. “Physical and mental 
change the dynamic and 
pushing to a more passive, let-George-do-it type.” 
In the American tropics, at least, the problem is 
further complicated by political graft and corrup- 
tion, which make difficult any effective rehabili- 
tation through local government agencies. 

Sut let us assume that Dr. Salter’s goals of food 
production can be attained by 1960, even though 
there is no possibility that it will be done. John 
economics at 


characteristics from 


Black,’ professor of agricultural 
Harvard University, in an analysis of Dr. Salter’s 
estimates, makes the following observations: 


Even with all this new land cleared and developed and 
farmed according to modern practices, the increased sup- 
ply of meats and pulses would already have been ex- 
hausted by 1960, and if the population increased at the 
same rate after 1960 as assumed for the years from 1935 
to 1960, the increased milk supply would be exhausted 
by 1970, and the increased supply of fruits and vegetables 
by 1980. After that, any population growth would be 
possible only by reducing the per capita intake of milk 
and meat and living more on cereals, roots and tubers, 
sugar, and vegetable oils. Even with the diets shifted 
to cereals and roots and tubers, the food supply would 
reach its limit within 75 years. 

If anyone wants to take exception to Salter’s estimates 
and say that they are not liberal enough, let him double 
them. The result will be the same except that it will be 
deferred. 

It should now be clear that the two lines of action pro- 
posed in the Hot Springs “Final Act” [of the Food and 
Agriculture Organization of the United Nations] in- 
creasing food production, and increasing the power to 
buy food, will not be enough—that adjustment of pop- 
ulation to resources is also necessary. Indeed, this is by 
far the largest part of the problem. 


Yet the population problem is seldom consid- 
ered in United Nations discussions of world re- 
habilitation, and is not even mentioned in Presi- 
dent Truman’s Point Four Program. 

In surveying the agricultural possibilities of food 
production for a hungry world, we have not con- 
sidered other and_ utilization. 
Among the more fantastic proposals is the one 
made by J. D. Bernal in his book The Social Func- 
tion of Science. He assures us that it should be 
possible to convert coal, limestone, and air into 
food in sufficient amounts to feed “populations 
thousands or millions of times that which exist at 


sources of food 
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present.” Assuming the dubious ad) 
increasing the world population even a 
fold, what happens to the thousands of 
people when the supply of coal becomes « 
Food production must be based upon 

resources. If feasible, the exploitation . 
food might, however, be a temporary 

with the hope that rapid increases in li, 
ards would hasten the demographi 

rapidly enough so that world populatio: 
stabilized at a reasonable level, which « 
be sustained from more orthodox source: 

A somewhat more rational approach 
proposed by Egon Glesinger, chief of t! 
Products Branch of the Food and Agricu 
ganization in his recent book, The Comi) 

Wood. Glesinger estimates that the for 

world at one time covered about 12 billion acres. 
and that 8 billion acres remain, of which about 5 
billion are virgin forests. He assumes that the 
forests of the future could yield one ton 
per acre annually, or a total of 8 billion tons 
more than twice the tonnage of food, coal, oil, and 
minerals now consumed each year by the present 
world population. By proper forest mana 
and utilization of all forest products such yields 
could be maintained. 


wood 


gemen 


The conversion of these forest resources into 
fuel, power, housing, fibers, and food would, ac- 
cording to Glesinger, permit a high standard ot 
living on a per capita consumption of wood of 
3.5 tons per year, or 7 billion tons for a world pop- 
ulation of 2 billion. But the world population is 
now 2.4 billion, so that the total production needed 
is 8.4 billion tons, and the estimated production is 
only 8 billion tons. With the aid of agriculture 
Glesinger’s “wood economy” could relieve food 
shortages. But again we face the population prob- 
lem and the economic problem. 

It is possible to produce power from wood-burn- 
ing generators, to produce sugar, alcohol, and cellu- 
lose food from wood, as was done in Sweden and 
Germany during the last war. But the cost was 
high, and the conversion of wood into cattle feed 
and motor fuel was discontinued after the war 
Perhaps more economical methods of conversion 
can be developed, so that it will be practic: 
utilize the enormous waste of wood in 
lumbering operations in many parts of th: 

Even if our forests provide only fuel, 
and pulp, there is need for far greater pro 
Reforestation and forest management hav 
been started in the world as a whole. Cons 


progress has been made in parts of Euro 


Sweden alone spends more money on { 
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does the United States and Canada 


vy parts of the world reforestation is es- 
senti i only for a source of wood products, 
but il conservation and flood control. The 
dem: for both wood and arable land has led 
to de station in many parts of the world, with 
that soil erosion and other consequences 
hav ied large areas of land. Naturally, but un- 
fortunately, the greatest damage has been done 
opulation pressure on food supplies is 
the Mediterranean countries, much of 
d parts of Central America. The problems 
estation are difficult ones indeed. Dr. Gles- 
inger has estimated that it would take half a mil- 
lion men twenty years to accomplish the needed 
reforestation from Haifa to Shanghai. 

The food world are not 
limited to the land. It has been estimated that half 
of all photosynthetic fixation of CO, into organic 
matter is brought about by marine plankton and 
algae. According to F. N. Woodward,® the oceans, 
acre for acre, are more productive than the land 
of the world. The problem of harvesting plankton 
would, however, require equipment, power, and 
labor far beyond economic returns. Even the ma- 
an important item in the food 


the r 


where 
great 
Asia, 


ot rel 


resources of the 


rine fish production 
supply of Asia and parts of Europe 
importance in the total food production of the 
world. H. Thompson*® estimates the prewar marine 
fish production at 17.7 million tons, of which about 
two thirds was used for human consumption. He 
estimates that this production could be increased 
4 million tons, or a total of about 22 
million tons, or about 2 per cent of the prewar 


is of minor 


by about 


annual food production. 

Prospects of food production by yeast factories 
and tanks of algae have been discussed in the pop- 
ular magazines during recent years. There is, of 
a sound basis for calculating food pro- 
duction from such sources, and a start has been 


course 


made in yeast production in the Caribbean islands. 
As yet there has been no great development in 


this field, in spite of food needs in this area. There 
isa limit to the amount of yeast that can or will 
be accepted in the human diet, even by a hungry 
peo} 

s iT 


we have considered food and _ timber 


production on the basis of the world as a unit, but 
roduction in one area does not now relieve 
hun in other areas. Nor is there much likeli- 
hood that the food of the world will 
equ shared. In fact, if such a policy had been 
ollovd in the past all of us would be living at 
Asi standards. It is only by considering the 


ever be 


Ma 


demographic classes of the population of the world 
that we can realize the possibilities of human prog- 
ress and at the same time understand the prob- 
lems to be solved in the overpopulated underde- 
veloped areas of the world. World resources must 
be considered in relation to population density, dis- 
tribution, and economic development. 

Frank Notestein and Warren Thompson have 
divided the world population into three demo- 
graphic groups.' In Group 1, including Western 
Europe, North America, and Oceania, birth rates 
and death rates are low, and population growth is 
approaching a stationary level. In Group 2 areas, 
including the USSR and the Balkans, Argentina, 
South Africa, and Japan, birth rates and death 
rates are declining, but birth rates are considerably 
higher than death rates, and the populations are 
growing rapidly. In the Group 3 areas, which in- 
clude southern and eastern Asia, South and Cen- 
tral America, and Africa, birth rates are high and 
population growth is controlled by high death 
rates. In many areas population growth is rapid, 
and in all Group 3 nations potential growth rates 
are very high. 

Only in Group | areas, with little more than 20 
per cent of the world population, have the people 
made the demographic transition—the transition 
from a high-birth-, high-death-rate culture with 
low living standards to a low-birth-, low-death-rate 
culture with high living standards. In these mod- 
ern Western nations the average annual income 
is $465 per person, food consumption averages 
3,040 calories per person per day, with much 
of it from animal sources, and life expectancy is 
sixty-three years. Group 2 countries, with about 
20 per cent of the world population, are beginning 
the demographic transition. Average annual in- 
comes are $154, caloric intake is 2,760, and life 
With a few ex- 
ceptions, notably Japan, these countries have re- 


expectancy is fifty-two years. 
sources which, if properly developed, could pro- 
vide higher living standards for their growing pop- 
ulations. The Group 3 countries are the real prob- 
lem. They contain 60 per cent of the world popu- 
lation—1,440 million with an 
annual income of only $41, less than a tenth of that 


people average 
of Group | countries. Their diet is based on an 
average daily consumption of 2,150 calories, and 
half of them get less than 2.000 calories—largely 
from cereals and tubers. Life expectancy is about 
thirty years, and half the children born do not 
reach maturity. About 80 per cent of these people 
are illiterate. 

The Western 


demographic transition by industrialization, emi- 


modern nations have made the 





gration, and control of the birth rate. Industriali- 
zation provided transportation, machines for the 
farm, and more efficient production. It also per- 
mitted the countries of Western Europe to import 
food and raw materials in exchange for manu- 
factured products. Emigration to the New World 
relieved population pressure at home and opened 
up new sources of food and raw material. The de- 
cline in the birth rate slowed down population 
growth, and in some countries population growth 
has ceased. Without a reduction in the natural 
birth rate the demographic transition would have 
been impossible, because a natural birth rate and 
a modern death rate would result in a population 
growth of more than 3 per cent per year—a rate 
which would double a population in less than 
twenty-three years. No country can long maintain 
a population arising from a natural birth rate and 
a modern death rate. 

Few people seem to realize the potential capacity 
of human reproduction. A high birth rate was 
necessary in primitive societies when the expect- 
ancy of life than With 
modern death rates and primitive birth rates popu- 
lations can increase very rapidly. If, for example, 
the birth rates in Massachusetts could be main- 
at levels existing in 1800, together with 


was less twenty years. 


tained 
1950 death rates, the population of the common- 
wealth would increase from less than 5 million in 
1950 to more than 150 million in less than one hun- 
dred years. In two hundred years the population 
billion, five hundred 
years there would not be standing room for all 
on the surface of the earth. Yet in Massachusetts 
we are told that “Birth control is against God’s 


would exceed 2.4 and in 


99 


law! 

With the exception of Japan, there are reason- 
able prospects for the Group 2 countries to make 
the demographic transition. But the prospects for 
Group 3 nations appear to be dim, indeed, and 
are quite hopeless so long as there is war or 
threat of war among the major nations of the 
world. 

Half the people in the world live in Asia, but 
they live neither well nor long. Population density 
is high, with little more than half an acre of cul- 
tivated land per person. Can these people escape 
hunger and poverty by following the path of the 
Western nations and eventually stabilize popula- 
tions at high living standards? Considerable in- 
dustrialization is possible, but one of Europe’s 
ereatest benefits of industrialization was the im- 
port of food and raw materials. Few countries 
have surplus food in amounts needed by Asia, and 
most of them have, or will develop, their own in- 
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dustries. Emigration on a sufficient s 
effective in reducing population pressu 
possible. It would mean moving 5 milli 
every year, and unless they were estal 
high living standards in the country of d 
they would soon create the same populat 
sure found in India. Control of the | 
would seem to be the only solution, but pe 
live at subsistence levels do not adopt birt! 
techniques, even in our own country. 
Let us assume, however, that food p: 
could be stepped up in Asia, with the tech 
of the Western nations, to an increase of 
cent per year. The first effect would be 
tion in the death rate. With the inevitab 
duction of public health measures the d 


intro- 
th rate 
would decline still more. But the birth rate would 
actually rise for a period of time, because a large: 
proportion of women would live to reproduce. |i 
is possible, as in Puerto Rico, that the populatio: 
could grow at the rate of 3 per cent per year. Long 
before birth rates dropped to replacement levels 
the population would have increased at least t 
fold billion to more than 3 billion 
No country has made the demographic transition 
with less than a threefold increase in popula- 
tion, and it is unlikely that Asia can <' better. Bu 
Asia cannot support a population of 3 billion o 


from over 1 


known available resources, and even with fantastic 
increases in food production the resources would 
provide little more than subsistence living and con- 
tinued high birth rates. 

If this point of view seems unduly pessimisti 
take a look at Puerto Rico. We have introduced 
education, public health, a stable government, and 
a subsidy economy to the tune of about 50 million 
dollars a year. When we acquired the little island 
fifty years ago the population was about a million 
Today it is well over 2 million, but most of th 
people live little better than they did fifty years 
ago, although they do live longer. Birth rates re- 
main at about 40 per thousand, whereas deat! 
rates have been reduced to less than 12 per thou- 
sand—a net gain of nearly 3 per cent a year. A' 
the present rate of growth the population of Puert 
Rico will double again in less than 30 year: 

It should be evident that the population problen 
is the basic factor in the development and utili. 
zation of the world’s biological resources~-incluc- 


ing man. Population pressure in the economical 


backward areas of the world makes impossibl 
the full development of human resources When 
half the children born never reach the age whe! 
they can contribute to the economy of 

tion, human resources are wasted. Pover' 
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ation and as a result the inability to 

arts and sciences of the modern world. 

standards retard the accumulation of 

esources for public works and indus- 
opment. 

biological and mineral resources of the 

adequate to provide reasonable living 

for all the world’s people if the demo- 

transition is made rapidly. But it cannot 

there is war or threat of war among the 

itions of the world. Nor can it be done 

to put into effect the Point Four pro- 

ill the distressed areas of the world simul- 

The cost of even a limited program of 

world rehabilitation would amount to hundreds of 

billions of dollars. So long as the industrialized 

nations must spend fantastic sums for rearmament, 

there will be no surplus for a Point Four program. 

\ strong United Nations organization or a limited 

World Government now appears to be the only 

way to avoid the costly rearmament program and 

the even more costly third world war. Perhaps it 
is already too late. 

If the world can return to peace, the rehabili- 
tation program should be started with the nations 
that have already begun their demographic transi- 
tion. To try to do more would be too great a drain 
on the 20 per cent of the world’s people who have 
made the transition, and an inadequate effort 
would be worse than no program at all. As the 
Group 2 countries reach demographic and eco- 
nomic maturity they would join the modern West- 
em nations in a program to rehabilitate the un- 
developed areas, and these areas in turn would 
contribute as they become able to do so. No efforts 
should be made to help eastern and southeast Asia 
until the rest of the world is strong enough to make 
a real contribution. An inadequate program can 
only intensity the problem and make any real solu- 
tion more difficult. Strong opposition has been 
voiced to proposals that nothing be done to im- 
prove public health in Asia or to send food to India 
and China, but no rational solution has been 
proposed by the critics. Perhaps there is no ra- 
tional solution. 

Any effective rehabilitation program in undevel- 
oped areas must include all the essential factors 


Y 


needed for the demographic transition. It is futile 


is to keep people from dying of disease so 

they may die of malnutrition and starvation. 

is no merit in increasing food production 

nly effect is a larger population living at 
subsistence levels. The introduction of industriali- 
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zation can have no permanent benefit unless the 
people possess the knowledge and skills necessary 
Public health, 


improved agriculture, industrialization, and edu- 


to maintain an industrial culture. 


cation are all essential, but they must be de- 
veloped simultaneously if they are to be effective. 

The potential mineral and biological resources 
of the world could provide adequate living stand- 
ards for all the people of the world if they could 
be developed rapidly enough. We can expect con- 
tinued progress in the development of world re- 
sources and the development of new techniques in 
industry and agriculture. At the same time rapid 
advances must be made in the field of political and 
social relationships. We must also consider spiritual 
values. but there is no need to abandon science and 


revert to ignorance and mysticism. The nature of 


our spiritual needs has been well summarized by 


the Chinese statesman and philosopher Hu Shih, 
in Whither Mankind,’ as follows: 


It took over a thousand years for a portion of mankind 
to emerge from the civilization based upon the religion 
of defeatism which glorified poverty and sanctified disease, 
and slowly built up a civilization which glorifies life and 
combats poverty. This change has come by the develop 
ment of science and machinery. 


Western 
civilization is simply a degree of success or failure in the 


The difference between the Eastern and 


process of breaking away from the medieval ideas and 
institutions which once ruled the whole world. 

Civilization sank into medieval darkness when man be- 
came weary of the task of fighting his natural environ- 
ment and sought refuge in the life of the spirit. 

But that very self-hypnotizing philosophy is more ma- 
terialistic than the dirty houses they live in, the scanty 
food they eat, and the clay and wood with which they 
make images of their Gods. 

That civilization which makes the fullest possible us: 
of human ingenuity and intelligence in search of truth 
in order to control nature and transform matter for the 
service of mankind, to liberate the human spirit from 
ignorance, superstition and slavery to the forces of nature, 
and to reform social and political institutions for the 
benefit of the 
highly idealistic and spiritual 


greatest number—such a civilization is 


The realization of these spiritual values will de- 
pend upon the intellectual resources of mankind 
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Anthropology in Trust 
Territory Administration” 


PHILIP DRUCKER 


The author, who is a lieutenant commander in the Navy, has been 
and scientific affairs officer on the staff of the Deputy High Commiss: 
Territory of the Pacific Islands, since 1948. After taking his Ph.D. in 
ogy in 1936 at the University of California he became a National R¢ 
low in the archaeology of the Northwest coast at Columbia, later be 
assistant in the Bureau of American Ethnology of the Smithsonian I) 
He has recently been in Suva, in the Fijis, to assist in the transfi 
four Micronesian medical and dental students from the schools 


HIS article, dealing with the utilization of In World War II, when the Allied forces started 
anthropology in the administration of the to fight their way along the long road from ¢l 
Trust Territory of the Pacific Islands, con- South Pacific to Tokyo, their strategists were \ 


cerns but one of the many problems of Micronesia much aware that squarely athwart that road 
that might be discussed. I have selected the topic ene ee me een _ been in possession 
in the hope that it may be of maximum interest 


even social scientists who are not specialists in 


the enemy for several decades. This was the 
' of Micronesia taken by the Japanese from 
Oceanic cultures may wish to know how the science 

has been utilized in the administering of a popula- 
tion of some 50,000 people, differing markedly 
among themselves in language, culture, and in 
acquisition of Western materials and concepts. 
Having had the good fortune to be assigned for 
the past two years to the Trust Territory adminis- 
trative staff—a vantage point from which I could 


many in 1914, and later assigned to Japan as 
mandate by the League of Nations. It included 
the Marshall and the Caroline archipelagos, a: 
the Marianas Islands save Guam. The sea 
over which the scattered atolls and islands oc 
is roughly equivalent to the land area of conti- 
nental United States. Yet, due to the Japanes 
policy of exclusion of foreigners, very little was 


observe policy and practice both as an anthro- , : 
known of those islands, their populations, 01 


yologist and as an administrator—I offer this sum- 
| 


a sources. The only certainty was that Japanes 
mary of how anthropology has been utilized and ; ‘ nat Sees’ 
Micronesia would be heavily fortified and strong) 


shall ee appraisal of what it has con- defended. Warfare in that area would surely stress 
tributed in the carrying out of a very complex 
task. It seems well to remark, before taking up the 
main theme, that this paper is not intended as a de- 
fense of administrative policy and practice, but 1s 
rather a summary of facts relating to the practical 
application of the science of anthropology. Impar- 
tially judged, the Navy’s record of achievement 
during the five years of Trust Territory adminis- 
tration is sufficiently creditable so that no defense 


naval action and amphibious assaults. The U. 5 
Navy was therefore delegated the command func- 
tion in planning the drive through the area and 
along with command, the subsidiary responsibilit 
for military government. 

Military government is always a difficult and 
complex problem. According .‘ the rules 
modern warfare the civilian population must 
supported, and medical, sanitary, and simi! 
is really called for. . ee Laan rae 

vices must be provided, until the civil populations 
* Based on a paper presented at the annual meeting CaM resume these functions for themselves. In ac 
of the American Anthropological Association, December dition, of course, there is the potential dange! 
29, 1950, at Berkeley, Calif. The opinions contained espionage and guerilla action to be 
herein are those of the writer, and do not represent an 
official statement of policy by the Navy Department, nor 
do they necessarily represent the opinions of the naval 


against. For most parts of the world suffi 
formation on the nature of the populati: 
service in general. nomic and social structures, the neonle’s | 
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hostility or friendliness, and the like 
dantly available. From the Japanese 


ittitude 


ry little information was at hand. This, 
was the problem that fell to the Navy 
ilitary government assignment: to make 
1e governing of almost unknown peoples 
known area. 
ig fact, although it is one that is not 
ognized outside the service, is that the 
many years has been accustomed to deal- 
ing with complex technical problems and has an es- 
tablished policy of calling on experts for advice. 
Like an 


its own experts 


other large organization, the Navy likes to 
for example, in engineering, 
naval architecture, and electronics—but it has 
never hesitated to call on qualified civilian special- 
ists when the need arose. Almost from the first, 
therefore, in laying plans for military government 
of the Japanese Mandate the Navy called on an- 
thropologists as the specialists who had or could 
assemble necessary information on the Microne- 
sans and their islands. All possible sources of infor- 
mation were drawn on, of course, but professional 
inthropologists played a prominent part in the 
task of assembling and evaluating data. G. P. Mur- 
dock, of Yale, was one of the principals in this 
task. The information assembled in this manne1 
yas Subsequently published in a series of military 


Handbooks 


lor military government in Micronesia. Social and 


eovernment which set the standards 
conomic patterns and problems of native peoples, 
as well as the appraisal of attitudes—particularly 
the highly important presumption that the natives 
would be nonhostile—were made available to the 
luture military governors. 

As these data, coordinated principally by anthro- 
pologically trained specialists, began to take co- 
herent form, the training of prospective military 
government officers was begun. The candidates for 
military government schools included a high pro- 
portion of anthropologically and_ sociologically 
trained officers, as well as such men as could be 
lound who were familiar with Oceania and the 
Orient. The anthropologically slanted materials 

military government Handbooks formed a 

t of the curricula of these schools. Con- 

tly the groundwork was laid for the sym- 
governing of the natives of Micronesia 

tary government of the ex-Japanese Man- 
uring the war and 
n policies that very clearly showed the im- 


immediately after was 


‘of the anthropological point of view used 
nbling and appraising the basic information 
Admiral Nimitz’ 
nent proclamations stated explicitly that 


areas. basic military 


native culture and customary law were to be re- 
spected to the maximum extent possible—this long 
before the United Nations stressed the same con- 
cept in the basic agreement for treatment of trust 
territories. This emphasis on cultural tolerance 
apparently was derived from the anthropological 
approach and the utilization of anthropologically 
trained personnel in planning. At times, it is true, 
the carrying out of these policies was beset with 
difficulties. During hostilities, military operations 
obviously had to have priority over everything else. 
Military government teams were sometimes short 
of personnel; they often had temporary shortages 
of supplies and equipment. In places where large 
populations of enemy nations were found, security 
requirements had to take precedence over the 
policies for the treatment of Micronesian natives. 
In each of the major districts except the Marshalls, 
there were many more Japanese, Okinawans, and 
Koreans than there were natives. ‘hese popula 
tions had to be segregated and eventually re 
patriated before full emphasis could be given the 
welfare of the Micronesian peoples. 


After the war it became apparent that for the 
time being the Navy was the logical agency to 
administer the former Japanese Mandate for the 
United States government. ‘The Navy had person- 
nel and materials in the area, and it had ships, 
planes, and communication facilities for supporting 
the administrative units. Even though it was fore- 
seen that its administration would be for an interim 


period only, the Navy established a special training 


school, the School of Naval Administration, o1 
SONA, as it was sometimes called, for prospective 
The candidates for 


military officers. 


this school were selected from the people who had 


government 


had military government experience during the 
war and those with a particular interest in, o1 
special qualification for, such work. ‘These men 
that 


based in great part on the anthropological ap- 


were trained in a program was once again 
proach to the administration of native peoples 


Felix Keesing, as an authority on modern 
Oceanic and Far Eastern cultures, was requested 
to aid in formulating the curriculum and to assist 
in the instruction of the prospective military 
government officers. The training given stressed 
the anthropological approach, not with the idea 
of making the officers professional or even amateur 
anthropologists, but to <ive them the point of view 
of anthropology, especially an appreciation for and 
a tolerance of cultural patterns and attitudes very 
different There 
many fields other than anthropology with which 


from’ our own. were, of course. 
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Kapingamarangi is one of the two atolls in Trust Territory inhabited by Polynesians, rather than Micror 


Anthropologists of the Navy-supported CIMA and SIM programs have made intensive studies of the cul 


lta) 


these people. Here Admiral D. C. Ramsey, USN, during a tour of inspection while serving as High Commissio: 
Trust Territory of the Pacific Islands, observes a skilled mat-weaver. (Official photograph, U. S. Navy 


the prospective military government officers had 
to become familiar: the aspects, for example, of 
international law affecting non-self-governing 
areas, and the ramifications of the detailed obliga- 
tions of the United Nations Agreement, basic fea- 
tures of public health programs in tropical areas, 
some notion of economic problems of tropical 
Oceania, and many similar matters. 

The School of Naval Administration continued 
in operation for about three and a half years to 
provide trained officers for the administration of 
the Trust Territory and to make replacements 
available as tours of duty were completed. It may 
be noted in passing that although the adminis- 
tration of Trust Territory officially became civil 
government rather than military government upon 
the Congressional approval of the United Nations 
Trusteeship Agreement and the Presidential Proc- 
lamation of the Trusteeship status of the former 
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Japanese Mandated territory on July 

the aims of the naval government and the trail 
given at the School of Naval Administration |! 
been aimed from the first at government 
rather than military type. 


At the close of the war it had become apparent 
that considerable assistance would have to be give! 


to the native economies to enable the px 
achieve, and eventually to surpass, the stand 


of living to which they had become accustom 


during the Japanese regime. Although the: 
widely varying degrees of acculturation 
the native communities—to a considerabl 
depending upon nearness or remoteness 


Japanese centers of population—even the ren 


less Westernized groups had certain need 
as those for iron and steel tools, cloth, t 
soap, and kerosene that made it essential t! 


have commercial relations with the outside 
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of the area these importations had come 
isic needs, not just luxuries. The United 
ommercial Company, an agency of the Re- 
tion Finance Corporation, rather than the 
as at first responsible for the economic re- 
habilitation of the area. It was this organization, 
therefore, that made the first large-scale survey of 
economic conditions and potentialities of the Trust 


Fo! i 
to be 
States 
constru 


Navy, 


Territory. 

A number of anthropologists, as well as botanists, 
agriculturalists, geologists, and other specialists, 
were called on to assist in the investigation. The re- 
sults of the economic survey were utilized as soon 
as they became available, by the naval adminis- 
trators in the field as well as by the U.S.C.C, econo- 
mists. They were also drawn on by the faculty of 
the School of Naval Administration. The anthro- 
pological data in these U.S.C.C. economic reports 
were recognized as being of great importance fo1 
administrative purposes. This recognition was ap- 


parently an important factor in obtaining naval 


support of the program known as Coordinated 
Investigations in Micronesian Anthropology (01 
CIMA) in which some forty ethnologists, linguists, 
and geographers participated. CIMA was made 
possible by a large grant from the Office of Naval 
Research and by authorization by the Navy for 
transportation and logistic support of the partici- 
pants. The Pacific Science Board of the National 
Research Council directly administered the pro- 
gram. As a result of CIMA an extensive series of 
reports has been prepared which will make Micro- 
nesia one of the better-known parts of Oceania. 
CIMA subsequently has been modified to Scientific 
Investigations in Micronesia (or SIM) to permit 
the inclusion of studies in natural history: botany, 
entomology, hydrology, and the like. 

Partly as an outgrowth of the CIMA project 
itself and in part as a logical follow-up of the Navy’s 
recognition of the value of anthropology in naval 
administration, a new program was developed. 
[his was one in which anthropologically trained 
individuals were employed for assignment to the 
various district administrators. At the present time 
1 Field Consultants, as they are 

‘rving as trained fact-finders 


such Anthropole 
formally titled, ..° 
researchers in problems of administrative sig- 
nificance in all the districts of the Trust Territory 
except the Northern Marianas, where through a 
special arrangement Alexander Spoehr carried on 
his own research over a period of a year but also 
acted as advisor to the civil administrator. 
example or two of the administration’s ap- 
proach to speeific problems, and the way that an- 
thropological concepts have been utilized in the 
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Ngulu Island, in the Western Carolines, is one of the 
more primitive islands of Trust Territory. Captain (now 
Rear Admiral) F. C. Greaves, MC, USN, checks ove 
medical supplies with a Navy-trained health aide. (Offi 
cial photograph, U. S. Navy 


solutions. may be of interest One such problem 
related to the mining of phosphate deposits on the 
island of Angaur in the Palau group. Angaur’s 
rich phosphate deposits had been mined in a small 
way during German administration before World 
War I, 


developed into a major program during the Japa- 


and the mining had been intensified and 


nese period. At the conclusion of the war it was de- 
cided at a high level of authority that the needs of 
the Japanese people for fertilizers for the produc- 
tion of foodstuffs were so acute that the mining on 
Angaur for Japanese use should be resumed. The 
alternative appeared to be either food shortages 
and unnecessary suffering for Japanese civilians or 
vastly increased costs to the American taxpayer for 
their support. The naval administration was, how 
ever, insistent on the principle that the natives of 
Angaur should benefit from the mining operation 
and should be protected against any major damage 
to their farmlands. As it appeared that the Jap 
anese would continue to need to draw upon the 
Angaur deposits for some time, a special study was 
ordered. A preliminary investigation was made by 
an anthropologist and a conservationist, who spent 
several weeks on Angaur in the fall of 1949 study- 
ing the agricultural potential of the island, patterns 
of land use and land ownership of the natives, and 
social and economic effects of the mining operation 
At the conclusion of the investigations, the special- 
ists reported that continuance of the mining ap- 
peared to be against the best interests of the 
Angaurese. They considered that a certain part of 
the phosphate-bearing area was necessary to the 
natives for production of foodstuffs, and that there- 
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fore mining of that area would cause social con- 
flict by creation of a dispossessed, landless seg- 
ment of the community. Another point of major 
significance was their belief that continued mining 
might damage irreparably the island’s fresh-water 
supply by permitting the intrusion of sea water into 
the island water lens. 

As a result of this report a conference was ar- 
ranged among representatives of the Angaur com- 
munity, of the Supreme Commander for the Allied 
Powers in Japan, who was responsible for super- 
vising the phosphate mining, and representatives 
of the naval administration. It is worth remarking 
here that the SCAP representatives at the confer- 
ence, although convinced that the welfare of 
80,000,000 Japanese was a more important con- 
sideration than that of 350 natives of Angaur, were 
from the outset in accord with the principle that no 
major damage to Angaurese economy or society 
should be caused by the mining. Their position, 
based on engineering and geological studies they 
had made, was that no major damage to the island 
would result. As an outcome of this conference it 
was decided that further investigation would have 
to be made to verily one or the other of the two 
conflicting opinions. It happened that it was not 
anthropology but another science that resolved the 
critical problem as to whether further mining 
might cause permanent damage to the island and 
its economy: a committee of hydrologists, special- 
ists in island water supply, called on by the Trust 
Administration and SCAP, gave the 
answer. Their report made clear that measures 
should be taken to protect the island’s water supply 
not only against damage from continuation of the 
mining, but from gradually increasing contamina- 
tion begun as a result of the deep mining by the 
Japanese prior to World War II. At a subsequent 
conference, at which once again the Angaurese, 
SCAP, and Trust Territory Administration were 
represented, an agreement was reached to the effect 
that mining might be continued provided that 
arrangements were made to prevent intrusion of 
salt water into the island water lens. The hydrolo- 
gists recommended that this be done by filling not 


only the new pits but the old ones excavated prior 


Territory 


to the war. 

Another feature of the agreement was that the 
one agriculturally valuable area in the phosphate 
beds should be exempt from mining. The scale of 
royalties to be paid to the natives of Angaur was 
increased also. These new proposals were then 
presented to the Angaur community and were ac- 
cepted by them as satisfactory. A special achieve- 
that the 


ment—or at least we so regard it—-is 


310 


royalties, except for an Emergency Rel 
which the Angaurese wanted readily avai 
a Business Loan Fund for commercial 
are being paid into a Permanent Trust Fur 
will bring in a sizable sum annually, long 
mining has ceased. Subsequently, in orde1 
out a practical, just system of distributior 
ments from the Trust Fund, a very detail 
was ordered by the administration, in w 
Anthropological Field Consultant of the P: 
trict made a complete analytical census 
Angaur community. Since the Angaurese h 
firm in insisting that they wanted the clan 
nized as the landholding entities, and wan 
payments to be made to the clans rather 
lineages or to individuals, this census reco: 


clan membership of each person. Clan affiliation 


through adoption or a sort of “honorary member- 
ship” was differentiated through 
check, and rights to succession to clan titles wer 
also recorded. All in all, the anthropologist, Harr 
Uyehara, did a first-class piece of field research, 
through which the administration ensures an equi- 
table distribution of the phosphate royalty benefits, 
one that accords with the expressed wishes of the 
natives and with their social structure. 


} 


genea 


1OU]( 


The Trust ‘Territory Administration has also 
had special studies made of the problems of the 
natives of Bikini, in the northern Marshalls, in 
order to find a way to help them adjust satisfac- 
torily to a new home. The selection of Bikini Atoll 
for the A-bomb tests was governed by numerous 
technical considerations. To resettle the little group 
of native inhabitants became the task of the ad- 
ministration. Although it would have been simple 
enough, and legal enough according to Western 
thinking, for the United States government to ac- 
quire title to Bikini through condemnation pro- 
ceedings and to pay for the lands at a justly ap- 
praised cash value, the view taken by the naval ad- 
ministrators from the outset was that such a pro- 
cedure would be to the detriment of the ex-Bikini- 
ans. The real need of these people was for land 
it was considered far more beneficial for them to 
get lands of their own in exchange for their forme! 
holdings than to receive cash. But there is no point 
in robbing Peter to pay Paul; the land had to com 
from unoccupied areas in the public domain. At th 
Navy’s request, Leonard Mason, who had worked 
in the Marshalls during the U.S.C.C. economi 
survey, visited the ex-Bikini group in their tempo- 
rary location on Rongerik. Rongerik Atoll, Maso! 
found, was quite inadequate. Chiefly on the oasis 
of his recommendations, the group was mov 
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and subsequently to Kili, a small but 
nd in the southern part of the Ralik 
had been a commercial plantation dur- 
erman regime and throughout the Jap- 
od. 

up got off to a good start—the Navy 
es and cisterns, and provided tools, uten- 
store of foodstuffs for the initial period 
nent—and they seemed anxious to begin 
the underbrush from the groves and to 
ing copra and planting gardens. Before 
id passed, however, administrative officers 
lic visits noted and reported to the civil 
ator that the people were dissatisfied with 
| were making little effort to get the island 
normal production of copra and food. The 
for some months bad weather each time 
alled had prevented lifting of their copra 


ther disheartened them. It was decided that 


an anthropologist should be sent to try to determine 


“| 


se Negulu ladies wear the traditional dress of the‘: 


where the aboriginal grass skirts are still worn. 


his 
interesting assignment fell to me, as | was then in 
the Marshalls studying various aspects of native 


adjustment to modern economic and administra- 


just what the ex-Bikinians’ difficulties were. 


The results of the 


eral weeks’ discussions with the people, singly and 


tive conditions. study, after sev- 
in groups, and a fairly minute examination of the 
island of Kili itself, formed the basis of 
recommendations, at present being implemented, 
which it is believed will help the A-bomb eniles to 
make an adequate adjustment to their new home 

Still more recently, a party consisting of an an- 


thropologist, an entomologist, a medical officer, and 


a St ries ol 


a dental officer, a laboratory technician, and in- 
terpreters was sent for a stay of two weeks to war- 
devastated Woleai Atoll, in the Central Carolines 
between Truk and the Palaus, to investigate con- 
ditions there more intensively than is possible in the 
course of the quarterly routine administrative trips 

These examples should suffice to show that the 


is one of the few places Trust 


S. Navy 


island. Ngulu Island 
Official photograph, U 





naval administration of the Trust Territory has 
made a consistent effort to utilize anthropology 
and the anthropological approach to social, pollit- 
ical, economic, and other problems of the native 
population. This is part of a definite policy of call- 
ing in specialists as consultants on technical prob- 
lems; anthropologists are not the only scientists so 
chosen, for many entomologists, botanists, hydrolo- 
gists, agriculturists, and other experts have carried 
out investigations in Trust Territory, either as 
members of the staff, or as participants in Navy- 
sponsored research programs. The ultimate goal, 
so far as the Navy is concerned, is not the accumu- 
lation of data in a particular field of science, but 
the integration of those data into policies and 
programs that will contribute to the welfare of the 
90,000 Micronesians and ease the shock of adjust- 
ing in a few decades from a neolithic way of life 
to the whirl of the atomic age. 

There is, of course, another side to the coin. The 
utilization of anthropology has been described. It 
may be worth while to summarize briefly what 
anthropology has contributed to resolving adminis- 
trative problems of the Trust Territory. It seems 
clear that in the beginning, in assembling informa- 
tion and recommending policy for military govern- 
ment, anthropology, and anthropologists, contrib- 
uted a good deal, and their influence has lasted. 
Those anthropologists who have belonged to the 
organization, such as the Anthropological Field 


Consultants, have offered solutions + 
problems and have at times been able 
mend broad policies for native welfa: 
anthropologists who have come out of ¢! 
Navy-sponsored research programs, som: 


that they had some obligation to use thei 


techniques and background to investigat 


of administrative concern—land owne1 
cepts, native economy, adjustments in 
organization, law and sanctions, and the | 
others have not. The Trust Territory Ad 
tion has deliberately avoided any suggesti: 
wanted studies aimed at some specific apy 
It has been left up to the individual s 
decide whether he should devote at least 
his field time to problems of concern t 
In other words, it has bee: 
whether his respon 


ministrators. 
the 
bilities as a citizen, his concern with furth: 


fieldworker to decide 
profession, and his interest in his native collabo 
tors will make him give some consideration t 
present-day problems, though his main interest 
academic concer 
is that the scien 


may be in questions of purely 
The rather obvious conclusion 
of anthropology has demonstrated that it can hay 
great utility in carrying out the obligations of ou 
government in administering for the well-being o/ 
the native peoples of Trust Territory; whethe: 

does or the individual anthro- 


,ologist and his conscience. 
I g 
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OQ ANYONE not a professional historian, 

the study of the past offers two peaks of 

interest. One of these comes at the point 
where written records are complete enough so that 
ndividuals emerge as personalities. The other 
ies in that part of the past for which there are 
no written records and where events have to be 
reconstructed with all the skill of a fictional crime 
nvestigator. Between these two points lies an 
wid waste of names, dates, and battles significant 
mly to the specialist. The extent of this no man’s 
land varies greatly in different parts of the world. 
in Egypt and Mesopotamia we can feel the pres- 
nce of real people five thousand years ago. In 
the New World, where writing was limited to the 
mpersonal calendrical records of the Mayas and 
the half-mnemonic pictographic scrolls of the Mex- 
icans, history, in the technical sense, can hardly be 
said to exist before a.p. 1500. 

From the scientific point of view, the lack of 
vritten records in America has been a far from 
inmixed evil. With no inscriptions to search for 
or decipher, American investigators have turned 
to a steady improvement of archaeological meth- 
ids, especially as these apply to dating the past. 
\lthough scientific archaeology originated in 
Europe, American methods of excavation and 
recording have become as good as any in the Old 
World, and our scientists have contributed at 
east two dating techniques more exact than any 
ved abroad. One of these employs the vary- 
nual growth in tree rings as a clue to the age 
tures in which wood or even charcoal has 

ind. It has made possible the establishment 
sequences in southwestern United 
but attempts to apply it elsewhere have 
ither inconclusive results. It also has the 
ntage of being applicable to only a small 
of New World history. The earliest dates 


deve 


ure 


pology at Yale. 


derived from it so far do not go back beyond the 
year 300 B.c. 

The second dating technique is a by-product 
of modern atomic studies. It rests on the discovery 
that a radioactive isotope, carbon 14, is constantly 
being produced in the earth’s atmosphere by the 
collision of cosmic rays with nitrogen atoms. The 
proportion of this isotope to other carbon in the 
atmosphere seems to be constant at all times and 


places. Atmospheric carbon is assimilated by living 


organisms, whether plant or animal, but the as- 
similation ceases at death. Since carbon 14 has a 
half-life of 5,568 + 30 years, by determining the 
percentage of this isotope in the total carbon of a 
specimen, it is possible to date it with a compara- 
tively small margin of error. The method cannot 
be used for material more than 25,000 years old. 
Dates based on uncharred wood or bone also must 
be taken with for these sub- 
stances may exchange carbon with deposits in 
which they are buried. In spite of these limita- 
tions, the technique is the best tool so far made 
available for dating early remains. Even the first 
series of dates to be published’ have greatly in- 
ancient America. In 


some reservation, 


creased our knowledge of 
connection with recent archaeological discoveries, 
especially those in Alaska, the carbon-14 technique 
should make it possible to solve the puzzle of Amer- 
ican origins. 

It may be said at once that none of the new dis- 
coveries throws doubt on the long-accepted theory 
that the first settlers of America came from Asia by 
way of Alaska. In view of the flurry aroused by the 
heroic voyage of the Kon-Tiki (and the resultant 


one resurrection of 


best seller expect a 
myths of trans-Pacific settlement. The Pacific is 


Americans can 


may 


a large ocean, however, as 
now testify, and to cross it anywhere south of the 
Aleutians would have required a skill in boat- 


many 
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building and seamanship altogether out of line 
with the simple, food-gathering, hunting cultures 
indicated by the earliest remains everywhere in 
North and South America. 


II 


Since the leader of the Kon-Tiki expedition has 
given professional anthropologists somewhat less 
than their due in his delightful book, the question 
of trans-Pacific contacts may deserve a brief dis- 
cussion. Far from denying that Polynesians reached 
America, anthropologists have accepted this for 
many years, and any ethnographer can point out 
a small series of what appear to be Polynesian cul- 
ture traits scattered along the west coast of both 
North and South America. The presence in Poly- 
nesia of the sweet potato, complete with its 
Quechua Indian name, also indicates that some of 
the voyagers who reached America returned. It is 
even possible that a few generations before the 
Spanish conquest Inca rafts reached Polynesia. 
There were Inca stories of islands to the west on a 
bearing that would have taken voyagers close to 
Easter Island. These contacts were certainly late, 
however, and theories of the settlement of Poly- 
nesia from South America or vice versa seem like 
the purest fantasy to anyone familiar with the 
cultures and languages of the two regions. The 
Polynesian languages belong to a single linguistic 
stock which extends across Oceania and south- 
east Asia to Madagascar, but which has no Ameri- 
can representatives. Of the numerous crops grown 
in the two areas, only the sweet potato and gourd 
were common to both. (There is no evidence that 
coconuts were a South American crop in pre-Co- 
lumbian times.) The Peruvians were the most ex- 
pert weavers in the world and were making good 
cloth by at least 2000 B.c.; the Polynesians made 
only mats. The Peruvians were expert potters; the 
Polynesians made no pottery. The Polynesians used 
the adze as their main tool; the Peruvians did not 
use it. This list of differences could be continued 
for several pages. 

A number of recent discoveries throw light on 
the beginnings of American settlement. After the 
first period of enthusiasm, archaeologists gave up 
hope of finding really early human remains in the 
New World. Hopes were revived in 1927 when a 
javelin point of a distinctive type (Folsom) was 
found in unquestionable association with the skel- 
eton of an extinct species of bison. Since then a 
large number of other finds have established the 
presence of man in America at a time when an ex- 
tensive fauna of large animals now extinct was 
flourishing. Attempts to give exact dates to these 
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finds by geological methods have been in 
the geologist’s techniques are more ef 

long than for short time intervals. The 

bon-14 dates, which are consistent eno 

highly probable, indicate that it was th 

who survived to a late date, rather tha 

man beings who came early. The earliest s 

tested do not go back more than 10, 

Since these are within the limits of th 

States, some time must be allowed fo. 

grants to get so far south, but a maximu 

12,000-15,000 years for the first America 

tion is indicated. 

This date was near the close of the la 
advance, and the conditions for migrati 
auspicious. The drop in sea level that w: 
each glacial period had closed Bering St: 
substituted for it a broad land bridge. G: 
and paleontological evidence indicates 
land bridge was never glaciated. For a e, at 
least, much of it seems to have been open grassland 
providing pasture for huge game herds and conse- 
quent abundant food supply for people who ha 
learned to hunt large animals. Discoveries mad 
in Alaska within the past three years indicate that 
the Folsom culture existed there at an early dat 
and may well have been that of the first migrants 

At the time of this first migration, much of 
Alaska was ice-free, because, apparently, snowial 
was so light that ice could not accumulate. Th 
higher mountains were under ice, however, and th 
glaciers of the Coast Range were so extensive that 
it would have been almost impossible for migrants 
to make their way southward along either the Yu- 
kon Valley or the west coast. It seems likely that 
the first wave of migrants followed the coasta 
plain, much wider then than now, north and east, 
until they had outflanked the Brooks Range and 
reached the valley of the Mackenzie.* Once th 
mountains had been turned, the way lay open lo! 
rapid travel southward. There was an_ ice-iree 
corridor along the eastern side of the Rockies 
and, equally important, the sort of game on which 
the migrants depended ranged over the whole 0! 
the Great Plains from Alaska to Mexico. 

This part of the picture seems fairly clear. Fron 
this point on the situation becomes much 


complex and confused. Although the arch 


ical evidence for the next three or four th: 
years is scanty, it shows the existence of a s 
ing variety of cultures. In attempting to 
struct the culture history of this period, th« 
est handicap is our lack of precise informat 
the ecological areas of North America durii 
glacial and immediately post-glacial tim: 
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regarding the movement of these zones 
to short-term climatic changes. Hunting, 
ering societies are as dependent upon 
ural environment as any other mamma- 
ies. Having developed the techniques 
or exploiting the food and materials pro- 
a particular ecological configuration, 
reluctant to migrate to territories where 
hniques will have to be invented or bor- 
(hey will move with a particular ecological 
its position shifts in response to climatic 
and they will not push out from it into 

{ markedly different ecology until forced 
o by population or other pressures. To a 
people, a forested area presents a migration 


new 
row 


ares 


nearly as effective as a mountain range o1 

the sea. The Folsom migrants would thus 
have tended to spread southward over the whole of 
the Great Plains before they tried to penetrate 
the Eastern Woodlands or the Rocky Mountains 
or intermontane plateaus. More important still, 
the southern limits of their range probably co- 
incided with those of the big game they were ac- 
customed to hunt. Since this game never ranged as 
far south as the Isthmian region, the odds against 
Folsom migrants reaching South America are 
heav\ 

From approximately 8000 B.c. until perhaps 
2000-3000 B.c., the Plains seem to have been oc- 
cupied by the Folsom and Yuman cultures. The 
relation of these two is still imperfectly understood, 
but they were certainly contemporaneous over a 
long period. Their creators were linked by the fact 
that both were big-game hunters adapted to open 
plains. During much of this time, however, there 
were other cultures to the west and south of the 
Plains. At the time this is being written the oldest 
carbon-dated material, about 7000 B.c., comes 
lrom a cave in Oregon and definitely does not be- 
long to Folsom or Yuman. The Cochise culture of 
Arizona goes back to at least 5000 B.c., and a sur- 
prising variety of other Plateau cultures seems to 
belong to nearly the same period. All these cultures 
were markedly inferior to Folsom and Yuman in 
flint-working, but most of them used grinding 
stones of the mano-metate variety. Their archaeo- 
logical inventories suggest adaptation to a semi- 

nvironment, much like the present one in this 
with dependence on wild seeds and small 
lhe Plateau ecology extends far into Middle 
a, and the first migrants to reach South 
a probably had cultures of this general type 
than those adapted to big-game hunting. 
origin of these Plateau cultures presents an 
ting problem. No remains that can be linked 
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with them have been found in Alaska or along the 
northern Plains migration route. They certainly 
look more “primitive” than the Folsom-Yuman im- 
plement aggregates, and if no dates were available 
one would be tempted to ascribe them to an earlie1 
period. This may, however, be due to cultural loss 
under the impact of a difficult environment. The 
rather surprising range of variation in the form of 


projectile points from different sites may also be 


referable to the presence of a sparse population 
living in small, widely separated bands, each of 
which had its own subculture within an impover- 
ished Plateau pattern. 

Evidence on the early occupation of the eastern 
United States is still scanty, but the whole Eastern 
Woodland area seems to have been occupied by 
3 O000—4.000 B.C. 
type. Remains indicate a heavy dependence on wild 


by simple cultures of Archaic 


vegetable foods, especially acorns and nuts, eked 
out by hunting and fishing. Fresh-water shellfish 
were important in the southeast, where a large pro- 
portion of the campsites are along rivers. Celts and 
other polished stone implements are common, and 
the culture level of these ancient Americans seems 
to have been very little below that of their North 
European contemporaries. 

The origin of these eastern Archaic cultures can 
only be conjectured, but certain facts are sugges- 
tive. Although their flint-working technique was 
somewhat inferior to the best Folsom-Yuman, it 
was excellent, and the inventory of implement 
types was much larger than in the Plateau cultures. 
The presence of ground celts and adzes, completely 
lacking in the early Plains and Plateau cultures, is 
also highly suggestive. Although these implements 
conceivably might have been developed locally, as 
was the much later grooved axe, it seems more 
probable that they were introduced from Asia 
through either inigration or diffusion. Since the 
main use of the axe is in tree-felling and that of 
the adze in large-scale woodworking, they belong 
with forest cultures. At a much later period, pot- 
tery of a northern Eurasiatic type also appears in 
the Eastern Woodlands, and the general similarity 
of northern woodland cultures in Eurasia and 
America has often been noted. 

In historic times, the continuity of the Eurasian 
and American Woodland cultures was interrupted 
at Bering Strait by Eskimoid cultures adapted to 
Arctic littoral and barren ground conditions. If the 
carbon-14 dating is correct, the appearance of these 
cultures in the Bering Strait region was exceedingly 
late. Ipiutak, supposedly the oldest in the Eskimoid 
sequence, is dated at about A.p. 1000, on the rather 
unreliable evidence of uncharred wood samples. 
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However, the presence of wrought iron in Ipiutak 
deposits, and stylistic similarities of Ipiutak and 
Siberian art, make it improbable that the Ipiutak 
remains date from much before the beginning of 
the Christian era. 


Ill 


In view of these facts, I should like to suggest 
the following hypetheses: that the Bering Strait 
land bridge was not submerged until comparatively 
recent times, and that at some time after the mi- 
gration of the big-game hunters, forests covered at 
least its southern side. With the strait closed and 
no southward flow of arctic water, such forests 
would imply only a slight rise in temperature in 
the Northern Hemisphere—a rise no greater than 
we know to have occurred two or three times since 
the last glacial retreat. If winds and currents were 
at all as they are at present, the Pacific Black Cur- 
rent would have warmed and moistened the south- 
ern side of the Bering Strait bridge, producing con- 
ditions not unlike those now found on the north- 
west coast. Moreover, a slight amelioration in the 
interior Alaskan and northern Canadian climates 
would have been enough to produce an unbroken 
belt of subarctic forest such as still stretches from 
Alaska to southern Labrador. Migrants with wood- 
land-adapted cultures could follow such a forest belt 
from Alaska to the northeastern United States, by- 
passing the open plains to the south and making 
only marginal contacts with their big-game hunting 
population. Scattered finds in the eastern United 
States suggest that people with Folsom-Yuman cul- 
ture had begun to penetrate the eastern forests be- 
fore the migrants with Woodland culture arrived, 
but they do not seem to have settled the region in 
force. 

f{ the Bering Strait land 
ent southward flow of 


The final submerge. 
bridge, with the conse 
arctic water, must have resulted in rapid climatic 
changes in the territories adjacent to the strait. 
Arctic conditions were established along the shores 
of the strait, and Eskimoid cultures moved in to 
fill the gap left by the withdrawal of forest-adapted 
tribes who could not cope with the new environ- 
ment. Where these cultures originated is still an 
open question, but if they were introduced into 
arctic America from Asia no earlier than the be- 
ginnings of Ipiutak, they must have spread and 
diversified on the American continent with ex- 
traordinary rapidity. There is urgent need for 
definitive dating of some of the eastern American 
Eskimoid cultures, especially Dorset. 

Diffusion of culture elements from 
America, and even sporadic migrations, probably 


Asia to 
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continued until fairly recent times, but th 
breaking of the land bridge, these seem | 
had little effect on the development of A 
culture. Thus the Nadene-speaking peoy 
sumably the last migrants, have everyw} 


rowed much more from their longer-es: hed 


American neighbors than they have give: 

over, as the northern Asiatics became ini 
well adapted to circumpolar conditions, th: ture 
elements that could be diffused by them 

less and less potential utility beyond the 

the circumpolar ecologies. With the deve! 


of agriculture, the cultural dependence of Americ, 


on Asia came to an end. 


As long as the Americans remained in a hunt. 


ing, food-gathering economy, northern Nort! 


America was culturally the most advanced part 
of the continent. None of the preagricultu: | cel. 
tures that have been found south of the Grea: 
Plains and Northern Woodland areas compares 


with those of these areas in richness of « ntent 
With the rise of agriculture-based civilizati 

Middle America, the situation was reversed. ‘Thy 
main line of diffusion was now from south to north 
and Middle American influences become increas 
ingly recognizable over the whole area east of th 


Rockies. 


One of the most important contributions car- 
bon-14 dating may be expected to make is that 
of establishing the relative ages and consequent 


relationships of American agricultural cultures 


Even our present very limited data are sugges- 
tive. Thus the beginnings of the Archaic, the old- 


est unquestionably agricultural culture in th 
Mexican Highlands, seem to be set at about 150) 
B.c. Maize of a very primitive type from Bat Cay 


New Mexico, indicates agriculture there at about 


the same time. The lowest levels at Huaca Priet 
in coastal Peru give the beginnings of agricultur 
there as about 2000 B.c. Maize does not appear | 
this region until about 500 B.c., a significant 
for those who ascribe a South American origi! 
to it. All this suggests that agriculture was 


vern*ed independently and more or less simultane- 


ously in several different areas in the New World 

a conclusion strengthened by the studies of Vavilo 

and others on the origins of American food p! 
Modern experience indicates the extrem« 


and rapidity with which crops can be diffused irom 


one agricultural area to another. American 


were being grown over most of the Old World 


within a hundred years after the discovery 
lieve that a study of the diffusion of crops 


America might hold the key to one of the most 
puzzling problems of American prehistory ny 


certain cultures developed with extraor 
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short periods. Thus we know that the 
rn Basket Maker culture was _trans- 
to full Pueblo within 200 years without 
nizable outside stimulus. The introduc- 
ins at the beginning of this period—sup- 
plvit protein deficiency and thus improving 
both the quantity and quality of the local food sup- 
| have been at least partly responsible. It 
seems conceivable that both the time and place of 
of some of the American civilizations 
ma\ e been determined by the assemblage, 
through diffusion, of aggregates of food plants 
which together provided an abundant and dietetic- 
ally balanced food supply. 


IV 


lurning from such conjectures, the new dating 


emer fi 


has both reinforced certain earlier conclusions and 
disproved others. Thus carbon 14 seems to con- 
results of the tree-ring dating methods 
used in southwestern United States and to place 
the rise of full Pueblo culture at a.p. 850—950. 

In contrast to this, Hopewell, one of the most 
idvanced of the mound-building cultures of the 
ipper Missisippi Valley, is now dated at about the 


firm tne 


beginning of the Christian era. The most surpris- 
ing reversal of earlier conclusions regarding the 
history of this region is that which places the 
Adena culture approximately 500 years later than 
Hopewell. It had generally been believed to be 
older than Hopewell and ancestral to the latter. 

The general conclusion to be drawn from all 
these recent discoveries is that America really was 
a New World. The twin continents were not occu- 
pied until the cultures of Europe, Asia, and Africa 
were already hoary with age. Their civilizations 
did not emerge until thousands of years after the 
founding of the Old World cultures. The American 
civilizations, when they did develop, assumed forms 
curiously like and yet unlike anything elsewhere 
They thus afford invaluable material for compar- 
ative studies. When we know their history, we shall 
have a better understanding of the processes of 
culture growth and change and will be in a better 
condition to control our own destiny. 
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SEARCHLIGHTS 


The colored searchlights overhead 


Shift on the deep sky’s softened bed, 


Oblivious of the flare below 


Where torrents of the people flow. 


They point along the night, a thrust 


Of ease, regardless of our trust. 


Disdainful of the wheels that spin 


Among the buildings’ rising din. 


They are the probing keys that knock 


Upon the universe’s lock. 


They are the ones that all alone 


Are searching while \ 


Ma 


ve build and drone. 
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[ IS A part of our great American tradition 

that one man is as good as another, if not a 

darn sight better. This point of view educa- 
tors, politicians, and religious leaders have pro- 
claimed for nearly two centuries. Since the time 
of Galton and Binet, however, a competing note 
has The burden of this note is, of 
course, that people do differ greatly from one an- 
other in many respects. The idea is not new to this 
Plato in his 


been struck. 


century or even to this millennium. 
Re public 
nomenon of individual differences and of 
portance for the efficient operation of a political 
state. Some centuries later the most famous social 
philosopher of all time told a story about a man 
who divided his goods among his servants according 
to their differing abilities. Much earlier, a famous 
Jewish political and military leader used an apti- 
strictly speaking, a performance test 


showed some knowledge of the phe- 
its im- 


tude test 


as a basis for predicting individual differences in 


fighting ability. Coming down through the centu- 
ries, we arrive at a point in time when a great new 
nation was born and an ardent band of patriots de- 
clared, ““We hold these truths to be self-evident, 
that all men are created equal.” There has been a 
the and 


among various groups of people as to the serious- 


ereat deal of variation through years 
ness and literalness with which this declaration has 
been received. 

I do not want to assume the unpopular role of a 
debunker of our great American traditions. It 
would be instructive, however, to recall briefly the 
historical setting in which the concept of equality 
of men received its greatest impetus. I do not pre- 
tend to be a historian, but I believe it is common 
knowledge to every high-school student that the 
hereditary monarchies of Europe were by their very 
nature such that the correlation between the social 
power possessed by rulers, and their competence to 


administer this power in socially adequate ways, 
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Pennsylvania State College. 


did not differ significantly from zero. It 

me that the revolt of our forefathers w: 
systems of government that would allow 

fall into the hands of incompetent rulers 

tion very seriously whether the mere fact o! 
without representation would have been er 
precipitate the Revolutionary War. If th: 

of George III had accorded with the interests o 
the American colonists, the course of history might 
have been much different. I believe this obs: 

is no more blasphemous than to note that in this 
country it is only when people are unhappy abv 
current conditions that they flock to the polls 
turn out the political incumbents. 

It was obvious to many of us in World Wai 
that distinctions in authority and_ responsibi 
symbolized by rank were very necessary for eflicient 
operation. I do not believe that the resentment that 
was exhibited toward differences in rank 
pointless to attempt to minimize this resentn 
was due to unwillingness of subordinates to re 
nize differences in responsibility and authority 
think the resentment here was the same as 
our forefathers, namely, that in many cast 
was a marked discrepancy between rank an 
competence of the person holding the rank. Ma: 
enlisted men could have discharged the dutics 
responsibilities of many officers more compet 
than the officers themselves discharged them. W 
servicemen justifiably resented was not the fa 
there was not equal opportunity for all in the An 
but rather that opportunity was not always co! 
mensurate with ability. True, much of the dispar 
was due to the gigantic task of mobilizi 
organizing many millions of individuals 
complex military machine as efficiently 
peditiously as possible. But the unfortun: 
remains that some persons in positions of ¢ 
able responsibility in the military services s 


1 


scribe to the criterion of seniority as tl 
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basis of promotion, and fail to recog- 

snificance of individual differences for 
operation of the armed services. 

ping his philosophy of the role of edu- 

this country as a bulwark against Com- 

rression, one of our leading educators 

we strive to attain a classless society. As 

and it, this is a prominent feature of the 

hilosophy. It seems pretty clear, however, 

Stalin regime early recognized how un- 

nd how psychologically unsound such a 

be. Even the Soviets, with their artificial 

and forces, soon realized that the phe- 

of individual differences could not be 

a Siberian prison camp. Our educational 

er seems to regard a stratified society as 

posite of a classless society. This is a type of 

at appears to be common to all human 

including social philosophers. It is perhaps 

dency for human beings to categorize quan- 

phenomena that is indirectly responsible for 

the resentment against the phenomenon of 

individual differences. We talk about the upper 

lasses, the middle classes, and the lower classes, or, 

fwe want a really fine breakdown, also the upper 

id the lower middle classes, so that we have five 

ategories. I suppose the issue of a stratified society 

versus a Classless society might never have become 

acute if there had not been this insistence on 

lrawing artificial and arbitrary cutoffs on the base 
line of distributions of individual differences. 

Even leaders in the measurement of individual 

this 


specilying such categories as genius, normal, moron, 


have committed 


lifferences type of sin in 
etc.. on the basis of whether a person happens to 
all above or below an arbitrarily specified score. 
but the alternative to arbitrary categories is not 
the Procrustean bed of classless society. It is hard 
see how in the long run any attempts to stretch 
ttle people till they take the whole length of 
the bed and to cut off the limbs of the tall people 
that they will not project over it can possibly 
1 better world. As I have indicated, I am 
‘rebellion of our forefathers, the resentment 
‘ted military personnel, and the antagonism 
great majority of our American citizenry 
toward people in positions of authority and 
lerive not from resentment at being placed 
meone in some scale or other but from the 
right or wrong, that the people placed in 
sitions do not have the ability com- 

te with the authority. 
should we try to ignore or minimize the 
| those who are superior to us, or the weak- 
inferior? We all know 


those who are 


people who are superior to us in a great many re- 
spects, and no philosophy of equality or of a class- 


nothing we can do or say—will make 


less society 


them less superior. Why should they pretend that 


they are not superior in those respects in which they 
excel? Likewise, why should we deny that we are 
superior in many ways to many people, or why 
should they resent our superiority? It seems to me 
that efforts to insist on a classless society can result 
only in encouraging the demagogues who, under 
the guise of equality for all, establish police dic- 


tatorships in one country after another. 
The Ideal Social Structure 


People do differ, then, and these differences are 
extremely important when it comes to drafting a 
plan for an ideal social structure including its 
educational, political, and economic aspects. It is 
primarily those individual variations which differ- 
entiate people according to the effectiveness with 
which they react to their physical or social environ- 
ments that concern the measurement psychologists. 
We are concerned with measuring individual difler- 
ences in socially significant behavior, and I would 
say that the behavior that is rewarded or penalized 
by society is socially significant. 

Why should the measurement and evaluation 
psychologist be concerned with the measurement ol 
individual differences for socially significant kinds 
of behavior? The 
which I hold to be more nearly self-evident than 


reason issues from an axiom 
“all men are created equal.” ‘This axiom is quite 
simply that in general what a person receives from 
appropriately quantified, 


his fellow-men, when 


should be a monotonically increasing function of 


what he contributes to his fellow-men. Funda- 
mentally, it is the old-fashioned idea of an honest 
day’s pay for an honest day’s work. By and large 
over a lifetime it seems reasonable that people 
should get out of this world about what they put 
into it. | am not concerned here with ethical or 
moral considerations. What I am saying is that, if 
adequate psychophysical means were devised for 
evaluating a person’s contributions to, and requisi- 
tions from, society and the one plotted against the 
other, the points should define a curve whose de- 
rivative was at every point greater than zero. 

If we are willing to grant that a relationship of 
this type between contribution and requisition is 
the ideal to be striven for, then we have the difficult 
problem not only of scaling the activities within a 
civen type of social activity category but also the 
more difficult problem of equating the social value 
scales for one category of activity with another. 


It is the prac tical difficulties involved in attempts 
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to develop scales of this kind that have led many 
people to throw up their hands and insist that it is 
meaningless to talk about the relative values of 
various types of human activity to society, and to 
insist on the futility of trying to measure what 
people get out of life. 

Assuming that quantification is possible in this 
domain, let us not confuse the kind of rewards that 
consist of goods and services with those that 
are of a more abstract and emotional charac- 
ter. Consider, for example, the satisfaction that 
comes from achievement, the pride in a job well 
done, the adulation of one’s neighbors or fellow- 
men. Consider also the rewards that are in the 
nature of promises—of a much better life in the 
future, or of land reforms, or of rule of the pro- 
letariat, or of a life of bliss and happiness in the 
world hereafter (even though in this life we sow 
that another may reap). Powerful and unscrupu- 
lous men in all ages, whether ecclesiastical, political, 
industrial, or what not, have capitalized on this 
type of reward to exploit the masses. 

This is all by way of saying that an ideal social 
philosophy which takes account of individual differ- 
ences in ability to contribute goods and services to 
society must also insist that the rewards be in kind. 
If we do not insist on this point of view we open 
the way, as indeed it has been opened in the past, 
to all manner of demagogues, whether they wear 
the cloak of the cleric, the robes of the monarch, 
the uniform of the soldier, or the plain suit of the 
businessman. This philosophy of payment in kind 
has been objected to by persons who point out that 
emotional and abstract rewards may be just as real 
and satisfying (if not much more so) as the more 
concrete rewards represented by conventional goods 
and services for which we pay our hard-earned 
money. I do not mean to say that such rewards have 
no place in our society: I am all for teaching people 
to enjoy work for the sake of personal achievement, 
to strive for the approbation of their fellow-men, to 
gain satisfaction in the knowledge that a better 
world awaits their honest efforts. But I do want to 
urge strongly that rewards of this type should not 
be acceptable as legal tender for genuine social 
contributions. Not only is this point of view 1m- 
portant in order to keep demagogic aspirants and 
false leaders from counterfeiting social rewards in 
order to achieve power, but also to keep the in- 
ventories in the social warehouse at the maximum 
level. 

To simplify subsequent reference let us call the 
theory of positive relationship between contribution 
and requisition merely the “positive slope theory.” 
Hardly anyone will say outright, “No, I don’t be- 
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lieve in this theory of a social state; I be! 
one is entitled to get as much in the wa 
and services out of this world as he car 
with, regardless of what his contribution 
Most people will not make a statement 
this, yet many will hesitate to subscril 
heartedly to the positive slope theory. M 
secretly hope that luck will be in our favo 
us a little more than we really deserve. \\ 
hidden fear that, if there really were accu 
for measuring just what we requisitioned 
social contributions of others, and if t! 
something like a one-to-one relationship 
the two, strictly enforced, then we might 
quite as much as we would otherwise 

I have not come to this conclusion 
have observed for a good many years and 
different situations that people resent beir 
ated with respect to socially significant 
Take, for example, the use of employee-ratin; 
in industry. No matter how fair they are, th 
always be criticized by influential element 
particular social group concerned. Attempts 
any system, no matter how reasonable, to tea 
whose increase in rank or salary depends or 
offer the same problems. The history of efficier 
rating procedures in the United States civil s 
records the stumbling blocks put in the way 
acceptance of any system. Efforts to establis! 
eral competing kinds of proficiency-rating plans 
the military services both during and since th 
provide an interesting commentary on resistan 
precise personal evaluation. 

There may of course be other interpretations 
the opposition to systematic and formal evaluat 
instruments and techniques, but I think m) 
terpretation is further supported if we obser 
this phenomenon is closely related to the ga 
tendencies of a large portion of the human rac 
Games of chance seem to have a basic human ap- 
peal. Mankind through the centuries has developec 
all sorts of formal procedures whereby one ma 
risk a little to gain a lot. Recent developments 1 
our large cities call attention to that widespr 
powerful and elemental psychological mechanis 


which is the motivation to gamble. It seems neces 


sary to make something of an issue of th 
basic reliance on chance rather than on 
cause this tendency cannot be ignored in t! 
of an ideal social structure. The tendency 
vital factor in our society and, so far as I cat 
is 100 per cent antithetical to the positi 
theory. 

At the present time I am not satisfied 
own disposition of this phenomenon relatis 
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dividual differences in an ideal social 
a temporary improvisation, however, I 

to say that, ideally, gambling should be 
as a leisure-time activity in a rather 
‘nse of the word, and that it should not 
itted to conflict with the positive slope 
is in an ideal social structure. I am not 
pressed by the inevitable retort that you 
islate human nature, for the evolution of 


society has consisted in large part of the 
m and regimentation of human nature. 
not to say, of course, that human nature 
n it lying down or that in the future it will 
do so, but nevertheless, whether grudgingly, bel- 
| tly, or with alacrity, society has accepted in- 
creasing regimentation and must continue to do 


w as its structure becomes more complex. 

!he gambling instinct is one rather evident ob- 
sacle to the positive slope hypothesis, and if I did 
not believe so strongly in the hypothesis and its 
basic soundness for an ideal society, this all-too- 
human propensity would lead me to question its 
validity. I believe, however, that the difficulties 
inherent in any proposal for an ideal social state 
must be made explicit. And one encounters other 
problems in the positive slope theory. For example, 
should a person in an ideal society be permitted to 
exercise discretion as to the conditions under which 
he contributes either goods or services? Should he 
be allowed to give money, material goods, or his 
wn skills to whomever he pleases under whatever 
onditions he pleases? In particular, should he be 
illowed discretion to convey his goods and services 
to other persons without reward or payment in 
sind? Our theory would indicate that he may not. 
lf complete freedom of choice is given, then we 
pen the way for unscrupulous political, ecclesi- 
astical, or social organizations to employ techniques 
to influence people to part with their goods and 
ervices. without appropriate compensation. In 
general, it would seem unsound to have no con- 
trols whatever on the rules by which a person may 
onvey his goods or property. Shall we go to the 

er extreme and say that he may convey them 

he receives an equal amount of goods and 
s? Note here that the transfers would not 
sarily be reciprocal. Usually, in a complex 
they will not. 
family as an organic unit makes the positive 
rinciple difficult to apply. What shall be 
tribution of the wife in exchange for food, 
. Shelter, entertainment, and what not pro- 
y the husband? It seems quite natural to 
earing and caring for children as a social 
ition, for without such there would be no 


society. But what about childless couples? What 
about homes well equipped with servants, so that 
the wife has nothing but leisure activities to engage 
in? ‘The tendency for many married women, afte1 
maternal responsibilities have subsided, to get a 
job or to take on part-time work seems to be in- 
creasingly the vogue. I would say, then, that the 
trend is to recognize the responsibility of women to 
make socially significant contributions somewhat 
commensurate with their requisitions from society. 
But, even at that, the concept of the lady of leisure 
does not at present carry with it the opprobrium 
which the positive slope theory would attach to it. 
I suspect that in the ideal social state ladies of 
leisure must become obsolete. 

But, even assuming that this species is gradually 
disappearing, certain theoretical obstacles persist. 
It is easy to argue that the president of a corpora- 
tion might contribute enough to the social structure 
to entitle him to requisition from it a $50,000 
yacht; it is easy to question whether the man who 
shines the president’s shoes contributes enough to 
justify the requisitioning of a $50,000 yacht. It may 
be a little more difficult to argue that the wife of 
the industrialist contributes enough to society to 
justify her participation in the pleasures of a 
$50,000 yacht while the wife of the bootblack is 
denied them. So far I have no good rationalization 
for letting Mrs. President enjoy the yacht while 
Bootblack. One 


could argue, of course, that because of the tend- 


denying this pleasure to Mrs. 


ency toward selective mating Mrs. President could 
be expected to have the capacity for making a 
greater social contribution indirectly, through the 
Mrs. 


Bootblack through hers. But I am not convinced by 


achievements of her husband, than does 
this reasoning. One could argue that husband and 
wife are a single socially organic unit, and that the 
twain shall be one flesh until death do them part 
Perhaps a somewhat better case could be made 
for this point of view. 

But we get into still more trouble when we con- 
sider the children of the family. First, we encounte: 
the problem created by inheritances. To what ex- 
ideal social state be 


tent should a parent in an 


allowed to pass on to his children goods and 
privileges that he has accumulated? Property, in- 
cluding money, which is a form of communication 
specifying the amount of property one is entitled 
to requisition, does bestow social power and control 
The father 
heritance on to his son passes with it social powe! 
had that a 


parent should have the right to pass on to his off 


upon individuals. who passes an in- 


and control. I have students argue 


spring the goods he has accumulated because this 
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may be to the parent the highest possible reward 
lor his lifetime of effort, and that to deprive the 
parent of the satisfaction of passing his goods on 
to his children would be a great injustice. I have 
already pointed out that the rewards for socially 
significant activity should be in kind. It seems to 
me this alone is reason enough why the argument 
of satisfaction to the parent is not adequate justifi- 
cation for passing his goods on to his children. But 
a more potent argument is the fact that in so doing 
the parent bestows power upon the heir. Should 
power or social control be bestowed upon children 
merely on the basis of the parents’ economic status, 
or should this power be commensurate with the 
offspring’s ability to make socially significant con- 
tributions? 

Inheritances as such, then, are not in accord 
with the positive slope theory. The trend of our 
inheritance tax laws recognizes the fact that the 
socially useful abilities of children may not cor- 
relate significantly with the economic status of 
parents, but this is not to say that what they recog- 
nize is the positive slope theory. The inheritance tax 
trend is the Procrustean bed 
theory than the positive slope theory. 


more in line with 

The problem becomes a little more complicated 
when we consider the early requisitions from the 
parents by the children. We may, perhaps, regard 
husband and wife as a single, organic, psychological 
unit and avoid the serious logical dilemma posed 
by children. It is only during their socially non- 
productive period that children may be regarded 
as a part of a single organic family unit, for after 
they are grown and take their own position in 
society they must be looked upon as distinct units. 
Let us assume that society should provide life- 
preparatory opportunities for children according 
to some rule or other, whether it be for the purpose 
of equalizing adult abilities or whether it be con- 
cerned with providing opportunities commensurate 
with potential value to society. How would you 


prevent well-to-do parents from engaging the best 
private tutors, and from bestowing all sorts of 


cultural advantages upon their children which the 
poorer classes cannot afford? 

Children of well-to-do parents, even though 
their potentialities to contribute constructively to 
society may be less than those of some economically 
handicapped families, nevertheless are bound to 
have greater opportunities under our present sys- 
tem. It is of little help for the development of a 
theoretical framework to point out that frequently 
the so-called opportunities of children in well-to-do 
families actually have a softening effect upon them, 
and do not prepare them as well to compete in life 
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situations as do the struggles of those wh: 
are less able to requisition from the 
house. And even though police states 
over much of what was formerly th 
jurisdiction of children and have d 
that it is possible greatly to reduce or m 
influence of differences in home life 

ground, we should indeed seek far for 

tions to the problem before accepting th: 

It may of course be that, with the shar; 
ated income tax system, and a greater ey 
of tax money on better schools, bette: 
more parks, playgrounds, museums, and 
and other free cultural and educational 0; 
ties for children, the disparity between th: 
opportunities which the various econon 
can provide their children will continue | 
This may actually be the solution that is u 
at present. We can see, then, that the posit 
theory has some inherent difficulties becai 
role of the family in our culture as an orga: 
unit. It is the temporary character of this 
causes the trouble, for it is only after the unit 
up that the children become, in any appreciabl 
sense, contributors to society. At that time, how 
the life-preparatory activities have alread) 
upon the social warehouse in some fashion, w! 
in conformity with an acceptable social philo 
or not. 

Another fundamental difficulty with the posit 
slope theory, which it is only fair to emphasize. 
concerned with the quantification of social cont 
butions and withdrawals. Presumably psychoph 
ical scaling techniques can be worked out 
adapted from those already available, for quant 
fying the values of goods and services over rat! 
wide areas. But the value of a specifically defin 
kind of socially useful activity may vary widel 
for individuals o1 of individuals ovei 
period of time, so that we have temporal variatio! 


groups 


in the value of a social contribution both amo! 
individuals and for a given individual. ‘This phe- 
nomenon greatly complicates the implementatio! 
of a positive slope philosophy, but I do not thu 
that it is inherently inconsistent with the the 

We might regard one kind of socially useful a 
as that which provides the shifting evaluation 


goods and services. Here, of course, we rel: 


tit 


sorts of buying and selling activities for purpos 
other than direct consumption. In 
argue that a free market in which supply 

mand determine the relative value of variou 


fact, mal 


and services is the most practical kind that 
devised for quantifying their shifting social 
The uncontrolled 


evils of an system in whic! 
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erators may artificially influence the 

ind extent of price variation have long 

nized, however. Many of the safeguards 

yy legislators for those who buy and sell 

tment and_= speculation indicate an 

loment of the need for systematic con- 

the temporal variation of prices. Never- 

systematic controls exerted by the gov- 

iay be just as arbitrary as those of private 

ls manipulating the price structure for 
advantage. 

ertainly imperative that, in the ideal social 

state, 

{ the social values of goods and services be clearly 


mpletely adequate operational definitions 


formulated. The economic disaster of 1929 showed 
that an uncontrolled market was in no sense ade- 


to insure that anything remotely resembling 


quate 
~ positive slope system would operate automatically. 


Quite clearly, if some people requisition more 
than they contribute, then others must contribute 
more than they requisition. If only a few people 
equisition a great deal more than they contribute, 
that a great many people contribute only a little 
more than they requisition, then we call the excess 
iequisitioners brilliant financiers and set them on 
pedestals and hail them as elder statesmen. One 
such operator who has been extremely successful 
n stock market operations has pointed out pub- 
licly that his success is based on the fact that he 
has done just what people wanted him to do. 
When people were extremely anxious to buy in- 
dustrial securities, he would sell to them, and when 
they were extremely anxious to sell, he would buy 
from them; so by doing what his fellow-citizens 
that he do he became wealthy. I point 
out this particular example because it shows the 


nsisted 


dangers of accepting uncritically the evaluation 
mechanism of uncontrolled market buying and 
velling, and of assuming that people should be given 
unlimited discretion as to the values they place on 
goods and services. It is hard to make a good case 
lor the social value of buying and selling for pur- 
poses other than for processing, consumption, or to 


make goods more readily accessible to potential 


ive discussed the importance of individual 
nces in socially significant activities, of the 
be played by a theory of a monotonically in- 

function between contribution and requisi- 

the importance of measuring contribution 
juisition accurately, and of the difficulties in- 
in accurate measrement in this area. Let us 
r, finally, how evaluation and measurement 


might operate in the public service field, where we 
take for 
dictum that all men are created equal. Should all 


have been most prone to eranted the 
men have an equal right to vote? Is voting a right 
or a responsibility? Certainly we have all had the 
experience of going to the polls and seeing on the 
election ballot the names of people we had neve1 
heard of, who were candidates for offices we didn’t 
know existed. The question may well be raised 
whether we have either the right or the responsi- 
bility to vote for unknown candidates for unknown 
offices. Presumably, if the offices are important, and 
the functions are important to the local community, 
then it is essential that they be filled by qualified 
individuals. Certainly the way to get them filled 
by qualified individuals is not by any form ol 
lottery system. 

I have taken the extreme case of voting for mino1 
local officials, but it seems to me the same principle 
applies to all elective offices. How much do you and 
I or the average citizen know about the particulai 
qualifications and abilities required of the ideal 
governor of our state? How much do we know 
about the extent to which competing political 
candidates actually have these qualifications? As 
a matter of fact, how much does the average voter 
know about the abilities required of an effective 
President of the United States, and how much does 
he know about the extent to which political candi- 
dates possess these qualifications? Other things 
being equal, shouldn’t the person who knows a 
great deal about the job requirements of a political 
office and the job qualifications of the various 
political candidates for that office have more to 
say in the selection of the official than the person 
who knows nothing about the qualifications of the 
candidate or the requirements of the job? If we 
grant this, we clearly imply that there should be 
a set of examinations to test knowledge of job re- 
quirements and knowledge of the qualifications of 
candidates. ‘To keep the system relatively simple, 
one might have a qualifying score, with only those 
above the score entitled to vote on a_ particular 
candidate. 

There is, of course, another approach to the sele 
tion of public servants, exemplified by the civil ser- 
vice system. The question may well be raised as to 
what kinds of public service jobs should be filled 
by means of elections and what kind by means of 
civil service examinations. Current practice im- 
plies that people should be required to demonstrat 
qualifications for the job only if the job is unim- 
portant. If the job is of extremely great importance, 
then it becomes less necessary that the candidate be 


required to demonstrate his qualifications for it, 





whereupon Lady Luck exercises greater control. 

It seems to me that one of two methods, or a 
combination of both, is available for exploiting the 
phenomenon of individual differences for the im- 
provement of government. An obvious step would 
be to extend the civil service system to include more 
and more elective offices. Indeed, why should not 
our United States congressmen and senators be re- 
quired to demonstrate their selective proficiencies 
in science, economics, sociology, political science, 
and other helds of knowledge relevant to intelligent 
legislation? As a matter of fact, it might not be too 
much to ask that a candidate for the presidency 
of the United States have some knowledge of the 
that influence the state of health of our 
national structure and that he be called upon to 
demonstrate at least a bare minimum of such pro- 


forces 


ficiency. 

We could, then, directly approach the problem 
of an improved governmental structure by in- 
sisting that relevant individual differences be 
measured and only the most competent be selected 
for office. If this method were carried to the limit, 
it would mean that all public offices would be filled 
from civil service examination and that 
elections would become a thing of the past. Apart 
from the theoretical difficulties involved, the senti- 
mental and emotional barriers to the elimination 
of the voting system would probably be insurmount- 
able. Another alternative would be somewhat arbi- 
trarily to define, as we do now, the jobs to be filled 
by examination and those to be filled by election, 
but to capitalize on individual differences among 
the voters to be sure that only the most competent 
to vote would be permitted to do so. In the first 
case, the candidates would take the examinations, 
and, in the second, the voters would take them, 
allowing the candidates to establish their candidacy 


rosters, 


very much as at present. 

Of course, if we really took individual differences 
seriously, and we wanted to make the most of them 
to ensure topnotch public service personnel, we 
could combine the two systems. In this case, the 
candidates would have to pass qualifying examina- 
tions before being allowed to run for offices, and 
the electorate would have to pass appropriate ex- 
aminations before being allowed to vote for candi- 
dates. 

Aside from the sentimental objection that all men 
are created equal, there are at least two funda- 
mental difficulties involved in a recognition of indi- 


vidual differences in the political area 
is a question of who would prepare th 
tions. I mention this objection first be 
the one most frequently raised against a 
of this kind. Until the time seems ripe 
finitive answer to the question, I would 
answer it with further questions. For 
who prepares the examinations for ou 
civil service positions, both Federal and 
the problem of extending civil service exa: 
to positions of greater responsibility any 
in principle than the present civil service \ 
tion system? Who qualifies the candidate: 
primary system at the present time? Wou! 
be feasible to establish examination con 
by means of rationales which would be 
as acceptable as those on which our curre: 
cal machines operate, once people got us: 
idea? Presumably some sort of ultimate ey 
tion commission would have to be esta 
whose members were as competent, objective, and 
incorruptible as the members of the United States 
Supreme Court are supposed to be. 

A somewhat greater theoretical difficulty that 
I envisage with any system requiring qualifying 
examinations for the electorate is based on 
assumption that what would be best in the long ru 
for the qualified electorate would also be best | 
those who do not qualify. A system of g 
electors would involve at least two important basi 
assumptions: first that the electors would know 
how to vote, not only for their own best interests 
but also for the best interests of their less competent 
fellow-citizens; second, in the light of what would 
be best for the country as a whole, that guarantees 


could be incorporated into the system to see that 
benefit of all. Suc! 


guarantees would be difficult, but I think n 


the electors voted for the 


possible to establish 


In conclusion, I shall admit freely that there a 
many obstacles to the achievement of a social s 
tem that rewards its members according to th 
contributions and utilizes fully the phenomenot 


| 


of individual differences for the benefit o! 
Nevertheless, I believe the highest goal that m 
urement and evaluation psychologists ca! 
for is the development of those instruments 
techniques required by a society which as 
capitalize to the fullest upon the fact th 
men are created unequal. 
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OW the sweet potato (Ipomoea batatas 
with its highly palatable and nutritious 
fleshy roots, has evolved within the con- 
lvulus family is still veiled in mystery; certainly 
vas long before any written records existed. But 
mportance and unique characteristics of this 
plant justify an effort to put together the 


alified 
+ basic 


know #P'vagments of early records and other evidence, 


} 
{ 


erests nd to draw what deductions may be possible re- 


petent @§garding its probable origin and dissemination. 


} 
Would 


In prehistoric times the sweet potato was used 
] 


lor lood 


antees in two widely separated regions of the 


the tropical Americas and some of the 
ands of the Pacific. There is no evidence, how- 
ver, that it was used by the primitive people of 
Asia, Africa, or Nor 


Australia. was it 


known to the ancient civilizations of Egypt, China, 
Persia, India, Greece, or Rome. One can- 
ure how long this plant has been used 

Ihe peoples of tropical Latin America 

obably using it many years before the ar- 


the Spanish explorers. Columbus found 
ves of Cuba using the sweet potato, and 
inish explorers found it in Mexico and 
\merica.! No record has been found of the 
n of the sweet potato by the Indians in 
imbian times in the area that is now the 


rticle was read during its preparation by H. W 
inthropologist, Smithsonian Institution, Irving 
thropologist, Yale University, and George Car- 
ipher, The Johns Hopkins University. Their 

have been very he Ipful, and it is a pleasure to 
re them. 


native 
senior pathologist in 
least Station at Beltsville, 
diseases and their control since 1914. His researches 
with the parasitic diseases 
and vegetable crops both in the 
his best-known contributions is on the 


studies of disease 
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Virginian (Ph.D.., 
the U. S. Department of Agriculture 
Maryland. He has invest wide 


have been concerned pri 


Washington University, 


1914) ts a 
Plant Industr} 


} 
igated a variety of plant 


and physiological disorders affecting frutt 


field and after har: esting the product. One of 


control of scald of apples in storage bj 


the use of oiled paper in the basket or box. He developed a special interest in 
the history and the prehistoric handling of the sweet 


potato incidental to ex- 


and behavior that crop in storage 


United States. Some of the Indian tribes in the 
western part of this country, however, roasted and 
ate the roots of a wild plant known as “big root” 


I. Le ptophylla ‘Torr. 


especially palatable they were eaten only when the 


Since these roots were not 


Indians were hard-pressed by hunger. The South- 
did the 
sweet potato until after its introduction by the 
white settlers. They did, however, use the roots of 
the wild convolvulus, J. pandurata, for food. This 
which 


eastern tribes of Indians not cultivate 


root, sometimes weighs as much as 20 
pounds, is popularly known as ‘“man-of-the-earth.” 

It is possible that the sweet potato was carried 
into temperate regions of America by the Mayan 
Indians or by those making contact with them on 
trading expeditions. Sweet potatoes were grown by 
1648, 


vears after the establishment of the Jamestown 


Virginia colonists as early as only forty 


settlement. The early use of the sweet potato by 
the colonists is an indication either that they had 
ready access to the West Indies, or that they had 
obtained the vegetable from the Indians 
the 


prior to 1526, the sweet potato was introduced into 


During Spanish explorations, probably 


Spain and thence into other European countries 


Che 


plant was known in Europe by the Indian names 


Oviedo, as quoted by De Candolle, p. 55 


of batata and padada.’ The English word “potato” 
was derived from this source. The sweet potato Was 
introduced into Europe possibly sixty or more years 
before the Irish potato Solanum tuberosum) and 
was known there as the “potato.”’ Confusion arose, 


however, when what is now called the potato (the 





Irish, or white, potato) was introduced under the 
same name. It is known that the white potato was 
grown in Europe as early as 1588. This knowledge 
is based on records left by a famous botanist, 
Soon the 
was carried to England it became known as the 


Caroleus Clusius. after white potato 
Irish potato, the sweet potato still being known as 
the potato. Later the sweet potato was designated 
Spanish potato or sweet potato. 

Scholars endeavoring to trace the origin of this 
plant have placed considerable emphasis on a study 
of the wild species in various parts of the world. 
No single wild species has been found that is 
definitely known to be the plant from which the 
sweet potato is derived, however. Botanists classify 
the present-day sweet potato as belonging to the 
convolvulus family, to which the morning-glories 
and the giant bindweed also belong. Most of the 
known wild species of the genus Ipomoea differ 
greatly from present-day cultivated sweet potatoes. 

Many of the botanists who have made a study of 
wild sweet potato species believe that J. tiliacea 
(Wild) Choisy is the most closely related wild 
species from which the cultivated sweet potato 
may have arisen. This plant grows in tropical 
America, in the islands of the Caribbean Sea, in the 
West Indies, and in Florida. It is a twining plant, 
with stems 7 feet or more long, sometimes tuber- 
ous roots, and ovate leaves 3-4 inches long. The 
flowers, which are 3—4 inches long, are purple-pink 


tigated are diploids, with the basic c} 
number 15. The 
ramonti, a tetraploid with 60 chromoson 


two known excepti 
in vegetative cells, and J. batatas, a hex 
6 sets, or 90 chromosomes. Theoretical! 
ploid form might have arisen from 
through mutational chromosome dou! 
crossing of a diploid and a tetraploid n 
given rise to a triploid, which throug! 
some doubling would produce a_ hexa; 
Interspecific hybrids of Ipomoea must | 
to make, however,—at least under some 
for in the course of King and Bamfo: 
which extended over three growing seas 
than 500 interspecific and intervarieta 
tions in this genus were made, but non 
cessful. The complex cytological make-u 
sweet potato suggests considerable com) 
origin. Further cytogenetic studies need t 
of the present-day wild plants showing s 
larity to the cultivated sweet potato. Such 
may reveal some important relationships | 


throw light on the origin of this importa: 


plant. The usual conclusion to be drawn | 
available that the 
originated from wild plants growing in 
America and that this stock was carried 
parts of the world, where it was subs 


information is sweet 


grown. 


Undoubtedly the present-day sweet potato has 


que 


yt 


or nearly white, usually with a dark eye.t This undergone many and radical changes during t! 
wild species is not known to be native in any 


regions other than tropical America and adjacent 


years in which it has been cultivated and used {o1 
human food. Variations in plants may arise bot! 
from genetic variation in seedlings and fr 
sports, and mutations are of frequent occurrenc: 
in the present-day sweet potato. Sufficient varia- 
tion may take place even in the vegetatively pro 
gated sweet potato to develop distinct new vai 
ties. To cite an example, some years ago, Thor 
White, of the Maryland Agricultural Exper 
ment Station, had brought to his attention, 1 
field of Big Stem Jerseys, one sweet potato having 
flesh of a deep, rich, golden color in contrast tot 
creamy yellow of the rest of the crop. This sp: 
men was saved and used for propagation purpos’ 
and from this start the commercial variety Mai 
land Golden has arisen. 
The people of a temperate climate usuall\ 


islands. 

Convolvulaceous plants belonging to the genus 
Ipomoea are widely distributed over the world, 
particularly in tropical areas. Unlike the sweet po- 
tato, however, most of these plants do not have 
a fleshy storage root, and the roots of those species 
that do are often most unpalatable, or even vio- 
lently purgative. One cannot help marveling at 
the fact that such a splendid food as our sweet 
potato seems to have evolved from such unpromis- 
ing sources as the wild convolvulaceous plants. 

Recent studies of King and Bamford* show that 
most of the species and varieties of Ipomoea inves- 

+ The most conspicuous differences in I. tiliacea and 
I. batatas may be seen by the following comparisons: J. 
tiliacea: sepals 8-10 mm long; stems usually pilose or 
pubescent and twining; leaves simple or angularly lobed ; 
batatas: sepals 10-14 mm 


of the sweet potato as not blooming or sett! 
seed, but in some tropical regions—for exa 
Puerto Rico, where this plant has beet 
it often blooms and sets s 


roots sometimes tuberous. J. 
long; stems usually glabrous and prostrate; leaves simple 
or variously divided; These character- 
istics do not always hold, for many forms or strains of 
sweet potatoes have pubescent stems, and some are up- 
right, not prostrate, in habit of growth. 


for centuries 


roots tuberous. Sat ; : 
some varieties or selections will bloom 


seed in temperate regions. Where natur: 
duction takes place by seed, widely differ: 
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ay arise as the result of genetic varia- 
, is due to natural hybridization of unlike 
ll known forms of sweet potatoes are 
heterozygous, their seedlings represent- 
iarkable diversity from their parents. 
ice seedlings, which may be quite dif- 
ictically, some outstandingly good plants 
been noted and saved for propagation. It 
erefore, to postulate that radical changes 
taken place in the sweet potato during 

well as during asexual reproduction. 
early literature dealing with the sweet 
yotato it is sometimes difficult to determine 
whether the reference is to the true yam (Dioscorea 
lata other species ) or to the sweet potato. 
fhe yam differs markedly from the sweet potato. 
It has slender twining stems, often measuring as 
much 20 feet in length. This plant has under- 
tubers that vary from the size range of 


grourn 
ite potatoes to enormous yams weighing 30 or 


I 
yuinds and measuring as much as 


‘“moist-fleshed”’ 


3 feet in 
length. In this sweet 
potatoes are often erroneously called yams. 


country 


A glance at the history of two of the early civil- 
ations in America will throw some light on the 
origin and antiquity of the sweet potato. In the dim 
ages of the past there flourished two highly de- 
veloped civilizations in tropical America: one in 
Middle America, the Mayan; the other in South 
America, the Peruvian. The Mayans are a very 
ancient people. Morley’ states that pre-Mayan 
history extends as far back as 3000 B.c. In some of 
the later epochs the Mayans evolved a highly de- 
veloped system of agriculture. They had a number 
f distinct varieties of maize, which was their main 
crop, and they also cultivated the sweet potato. 
(he Peruvian civilization, which arose in the An- 
lean highlands, also developed in very ancient 

in advanced type of agriculture. Here also 

played an important role and the sweet po- 
is cultivated.® 

ent archaeological studies in South America 
evidence that man’s occupation of that 
goes back into prehistoric times. Junius 
n his report on excavations in the Huaca 
n Peru, concludes that this region gives the 
record of a farming and fishing community 
\mericas. As a guess he places a date on the 
on of this region at possibly as early as 


ength of the period during which man has 
the Americas is much greater than was 
ime supposed. Recent archaeological exca- 
in Mexico by De Terra* have uncovered 


and other parts of a human skeleton 


(Tepexpan man) in a stratum to which a date of 
9000 or 11,000 B.c. 


archaeological studies in a valley in 


is assigned. Carter’ reports 
California 
indicating man’s presence in that region as long 
as 100,000 years ago. 


In pre-Columbian times while the sweet potato 
was fulfilling an important function in the econ- 
omy of the people of tropical America it was also 
an important food plant for the Maori of New 
Zealand. Some anthropologists" are convinced 
that the sweet potato was grown in New Zealand 
long before the beginning of the Spanish explora- 
tions. 

Extensive anthropological studies on the Maoris, 
the early New Zealand, 


some interesting and valuable facts concerning the 


inhabitants of disclose 
importance of the sweet-potato plant and the inti- 
mate way in which it was interwoven with the life 
of the people. Since they grew no grain the sweet 
potato became the main food crop. They called 
it Kumara. The origin of the kumara, insofar as 
this primitive people is concerned, is closely con- 
nected with their mythology. The importance of 
this plant as food probably accounts for their 
giving religious significance to its origin and also 
for the elaborate ceremonies connected with plant- 
ing, cultivating, digging, and storing it. Such cere- 
monies are often associated with the principal 
food crops of primitive agricultural peoples the 
world over. The North American Indians carried 
out elaborate ceremonies with corn, and in the 
mythology of many peoples certain gods and god- 
desses are looked upon as the tutelary or protecting 
spirits for cultivated products. The ceremonies of 
the Maoris began at planting time, when whole 
roots were planted directly in the field. Much of 
the work was done in unison with a song or chant 
of the priestly adept or chief. At important opera- 
tions in the growing, digging, and storing of the 
crop certain other ceremonies were performed; and 
at the conclusion of the digging and storing there 
of the 
used 2.000 bushel baskets of 


was a great feast. In one smaller feasts, 


Colenso'? says they 
sweet potatoes 
There is evidence that the sweet potato was in- 


New Zealand 


Islands at a very 


some of the 

date. One 
states that it was brought there four or five 
generations before a.p. 1350 
that the Maoris, not finding the kumara on their 


troduced into from 


Polynesian early 
writer 
There is a tradition 


arrival in the country, sent an expedition back to 
their old home in the Pacific Islands to secure a 
supply for seed purposes. This expedition probably 


brought back a wide range of varieties. Colenso 





states that no fewer than 30 varieties have come 
to his attention, all with separate names and very 
divergent characters. The sweet potato sometimes 
blooms in New Zealand but is not known to set 
seed there; hence, new varieties probably arose as 
sports. Even though the Maoris used crude wooden 
tools, they developed relatively advanced methods 
of culture. They planted whole roots directly in 
the field—i.e., no plant bed was used—and they 
planted in raised hills. Where the land was not 
right according to their ideas, they carried baskets 
of sand or gravel to make it more suitable. This 
material was often piled around the plants to a 
depth of 3 or 4 inches, at an enormous expenditure 
of effort. In one region alone more than 200 acres 
were artificially covered with gravel. 


It appears probable that the sweet potato was 
being cultivated and used for food in two widely 
separated regions of the world before communi- 
cation was known to exist between these regions. 
The idea first prevailed that the Spanish explora- 
tions and conquests were responsible for the intro- 
duction of the sweet potato into Oceania, where 
it was subsequently highly prized and dissemi- 
nated. When it became known, however, that the 
sweet potato had been used in New Zealand many 
years before the Spanish expeditions in America, 
it was necessary to postulate some other method of 
transporting it from South America to Oceania. It 
is generally conceded that man has been the chief 
agent in the dissemination of cultivated plants, and 
Carter'* emphasizes the importance of man in the 
carrying of cultivated plants across large bodies of 
water. He also emphasizes the fact that plants be- 
came markers of the ramblings of man. 

Hornell’® has made a special study of the various 
possible ways in which the sweet potato could have 
been taken from the west coast of South America 
to Oceania. This study included the type of rafts 
used by the Polynesians and an analysis of the 
ocean currents that would aid in getting a craft 
from Polynesia to the west coast of South America 
and thence back to Polynesia. From the tenth to 
the fourteenth centuries the daring and adventur- 
ous Polynesians made long and hazardous trips 
over the Pacific Ocean. Voyages were made be- 
tween Hawaii and Tahiti, probably via the Mar- 
quesas and the Fanning Islands. These voyages 
must have involved distances of more than 2,400 
miles, with probably only the seasonal flight of 
migratory birds as a guide.’® The distance from 
Easter Island, the last land on the route from New 
Zealand to the west coast of South America, is 
2,200 nautical miles. Hornell believes that the trip 
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from Polynesia to South America could 

made by taking a southern course and { 

lowing the Peruvian Current up the coast 
America. ‘The distance one way woul 

greater than 2,500 miles, and it is known 

as long as that were made by the Po 

More difficult still would be the retur: Vage 
since that would involve reaching a partic.) at 
island. The return could have been accor plished 
by going northwest from Peru, getting into the 
equatorial current, and making a landfal! on the 
Marquesas Islands. From these, the travelers could 
easily sail from one island to another. It was a com. 


mon practice among the Polynesians to carry food. 
plants, animals, and in some cases women, on their 
long dangerous voyages so that if they w 

ashore on an uninhabited island they would be able 


to maintain themselves there. 

Whether the sweet potato was developed in th 
tropical regions of America and transported to th 
Polynesian country in very early times, or whethe 
it was developed in Polynesia and carried by th 
Polynesians to America, is still a subject for spec- 
ulation. It is usually assumed that the sweet potat 
is of American origin. 

When the Spanish explorations took place th 
sweet potato that was then known in tropical 
America was introduced into the Philippines 
well as into other Spanish possessions. 


The sweet potato was not taken to China until 
within historical times. The investigations 0! 
Laufer’ give us the interesting and graphic stor) 
of how the sweet potato reached China and Japan 
In 1593 the province of Fukien in southern China 
presumably because of the ravages of a typhoon 
was stricken by famine. The governor of the prov- 
ince, Kin-Hio-tseng, sent a commission to Luzon 1! 
the Philippines in search of food plants that might 
relieve the pitiful plight of his people. After man) 
adventures in Luzon the commission secured some 
seed stock roots of the sweet potato, and in 15%) 
returned home with this novel plant. The nev 
plant was greeted with unbounded joy. Althoug! 
the economic value and the high nutritive proper 
ties of the newcomer were at once recognized, it was 
not until 1786 that an imperial order was 1st 
to encourage the cultivation of the sweet potal 
as a means of preventing famine. 

There are several different accounts 
movement of the sweet potato from Cl 
Japan. Laufer’? reports that about fifteer 
after its introduction into Fukien the sweet 
was transported to Formosa, and to the 
Islands as early as 1605. At that tin 
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still formed a kingdom of their own, al- 
ognizing the sovereignty of the Chinese 

Nugun, the superintendent of the Chinese 

in Napa, the chief town of the archi- 

‘sented a native village chief, Masatsune, 

ings of the plant. He eagerly studied its 

and promoted it in his country. A 

meri pillar has been erected in front of 
Nugun’s tomb, and he is canonized under the name 
Mm ime, that is, “‘Ancestor of the Tuber.” A 
Japanese farmer, Maeda Riuemon, a native of the 
province of Satsuma, made the acquaintance of the 
) ‘tato while paying a visit to Luchu in the 
art of the seventeenth century. On his 
cultivation into 


sweet 
latter 
return home he introduced its 
Satsuma, and from there it spread over the north- 
ern provinces of Japan. Riuemon’s tomb is known 
as Kara-imo-den (“Temple of the Sweet Potato” 

and there every spring and autumn the soul of this 


simple farmer receives offerings from his grateful 


countrymen. 

The word used for the sweet potato in different 
parts of the world has been the object of much in- 
terest and study by certain ethnologists. Chris- 
tian,'* who has made a special study of the words 
used in Polynesia and other parts of the world 
ind compared them with some basic Sanskrit 
words, Says: 


[he various Polynesian forms, humara, kumala, umara, 
uara, uala and uwala, for the sweet potato, form 
curious chain of evidence. In the Northern Philippines 
they call it kKamote. . . . Cf. Malay barat and Sanscrit 
Barata (S. India). With Kumala compare Sanscrit 
wwal, the lotus, Kumthla and kumad and kumud, the 
white esculent lotus (Nymphoea esculenta), also Sanscrit 
lotus. The Quichuan (Peruvian) word for 
sweet potato is kumara. The similarity of the Peruvian 
ind Polynesian words for sweet potato may be important 
n tracing the origin of this plant. The question arises 
is to whether the kumara was brought from India to 
\merica by pre-Columbian navigators. 


' 
kamal i 


Sout! 


History of Curing and Storing 

No storage problem existed when the sweet 

potato Was growing in its native tropical habitat 
the potatoes were dug as needed. However, after 
this plant was taken to a country having a tem- 
perate climate, such as New Zealand, it was neces- 
keep the edible part, the fleshy root, alive 
ind throughout the winter in order to have it 
le as winter food and to grow more plants 
xt season. The sweet potato differs from 
that the edible portion is not a dried seed 
‘asily stored and transported but a fleshy 
it is highly perishable when storage condi- 
e not favorable. The treatment 
weet potato is quite different from that of 


storage 


most food products, and successful storing from 
one growing season until the next demands certain 
rather exacting procedures. 

Some aspects of this problem that are now com- 
mon knowledge must have been learned with great 
difficulty The two 
fundamental principles of keeping sweet potato 


and only after many failures 
roots from rotting and in a viable condition until 
planting time are proper curing and relatively 
warm storage. Even today, however, in spite of out 
many ways of disseminating knowledge, the im- 
portance of these two principles is not adequately 
appreciated by some people engaged in the han- 
dling and marketing of the sweet potato. What 
meager and fragmentary history we have of the 
curing and storing of this crop must be gleaned 
from a number of obscure sources or deduced from 
such sources as ethnological accounts of the 
peoples of temperate climates who first used the 
sweet potato for food. 

A. briet 
stored sweet potato is necessary before reporting 
the early records on storing. While the sweet po- 


discussion of the physiology of the 


tato is growing in the field there is an inflow to 
the roots of food materials manufactured by the 
leaves, which is suddenly stopped when they are 
dug. The roots then undergo a period of “curing.” 
Usually special conditions of temperature and hu- 
midity are supplied during this curing period, 
although in some favored areas storage house tem- 
peratures and humidity conditions are such that 
little artificial control of these factors is required 
One of the important and obviously practical func- 
tions of curing is the formation of periderm, or 
callus, over the wounds, particularly those where 


the roots have been severed 


wound callus, helps to prevent the entrance of rot 


This periderm, o1 


organisms. 

After curing is effected a different treatment is 
necessary for storage, but there is apparently no 
sharp dividing line between a cured and a non- 
cured sweet potato. In the curing treatment we 
seek to provide the optimum conditions for cer- 
tain physiological and structural transformations 
to take place. In storage, on the other hand, we 
endeavor to provide conditions that will enable life 
activity to proceed, but at as slow a rate as possi- 
ble. The conditions now used for curing and stor- 
ing the sweet potato are different from those re- 
quired by many other plant products, such as ap- 
ples, turnips, cabbages, and white potatoes, for 
example. The present-day curing practice ordi- 
narily consists of subjecting the freshly dug roots 
to a high temperature (85°—90° F. 
85-90 per cent of saturation 


and a invh 


relative humidity 
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for about a week to ten days. Since curing is vital 
to the storage life of sweet potatoes, it would be in- 
teresting to know how and when this important 
practice originated. A study of the food-handling 
practices of certain primitive people and of the 
early literature on the sweet potato indicates that 
some kind of treatment, which at least partially 
fulfills the physiological need of curing, has been 
known and practiced for many years. 

The sweet-potato storage practices of the Maoris 
of New Zealand—early inhabitants of a temper- 
ate climate—have been in effect for many cen- 
turies.'® These people followed a fixed ritual when 
they harvested and stored sweet potatoes. On the 
appointed day, when all the signs were right, dig- 
ging was started in the morning (but not before 
sunrise). By noon the digging ceased, and in the 
afternoon the sweet potatoes were stored. The 
Maoris used well-constructed underground storage 
houses dug in the side of a hill. The sweet-potato 
house was probably the most important building 
in the village, and the entrance was often elab- 
orately carved with figures to keep out evil spirits 
and thus prevent spoilage. The usual storage pro- 
cedure was to cover the floor with a layer of 
gravel an inch deep and then with a layer of rotten 
wood. The seed stock for the next year was se- 
lected and stored in the back of the house, sep- 
arated by fern leaves from the sweet potatoes that 
were to be used as food. After the seed stock was 
put into the house, the best of the food potatoes 
were stored. Finally, the bruised and cut roots were 
stored near the entrance, where they would be used 
first. Any important task involving the sweet po- 
tato was done communally, so as to finish it the 
same day it was begun. The storage house was thus 
quickly filled. It was then tightly closed, and a 
charm put upon it by the priest adept.’? No one 
was allowed to enter until a certain period of time 
had elapsed; then the charm was removed by ap- 
propriate ceremonies. During the charm period, 
when the house was full and tightly closed, con- 
ditions were undoubtedly favorable for curing. 
High relative humidity and a comparatively high 
temperature would soon develop as a result of the 
respiratory activity of the potatoes themselves. 
The Maori introduced the sweet potato into their 
country from some Polynesian island where the 
climate was such that there was no storage prob- 
lem, and, since the sweet potato is very exacting 
in its storage requirements, it is a noteworthy ac- 
complishment of this primitive people that they de- 
veloped a successful method of preserving this im- 
portant food plant for seed and food from one 
season to the next. The Maoris, however, must 
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have experienced losses from rot, since tl 
told the people that unless all points of 1 
were strictly followed the sweet potato: 
spoil.?® 


Let us now return to the subject of 1 
literature in the United States on the st 
sweet potatoes. The meager and scatter 
ings of early colonial times dealing with 
ject indicate that it was known that warn 
is necessary for the successful keeping « 
potatoes. Beverley, in his history of Virgit 
ten in 1705, makes the following stateme: 
the sweet potato: 

Their potatoes are either red or white, abou 
as a Boy’s leg, and sometimes as long and bi 
the Leg and Thigh of a young Child, and very 
sembling it in Shape. I take these kinds to be th 
with those, which are represented in the Herbals, t 
Spanish Potatoes. I am those called Er: 
Irish potatoes are nothing like these, either 
color or taste. The way of propagating potato 


sure, 


is by cutting the small ones to pieces, and planting tl 


cuttings in hills of loose earth: But they are 

that it is very difficult to preserve them in the 

for the least frost coming at them, rots and destroys t! 
and therefore people bury em under Ground, 
Fire Hearth, all the Winter, until the Time co 


their seedlings are to be set.! 


The importance of curing sweet potatoes was 
As 
as quoted by Gray an 
Satatas are wel 
cured they have often been carried to Spain whei 


apparently realized long ago by Europeans 
early as 1525-35 Oviedo | 


Trumbell?") wrote: “When the 


the ships happen to make quick passage but mor 


often they are lost on the voyage.” He places sp 


cial emphasis on the importance of curing to pre- 
vent rot. It is true that curing in those times di 
not carry the definite connotation that it now car- 


ries. Even today, however, we know very litt 
about the physiology of curing sweet potatoes 
It would be interesting to know how a [fact 
such fundamental importance as warm storag' 
the keeping of a food product was learned. It m 


have been that information was acquired mal 


generations ago when an Indian tribe on the bor- 


der of a tropical region carried the sweet potat 


froma tropical to a more or less temperate climat 


et no- 


Probably after many failures in keeping sw 


tatoes they finally discovered the proper metho¢ 


After the essentia! features of successful 

were discovered, the method could be 

transmitted from person to person where‘ 
sweet potato was carried. For the colonial \ 
farmer the idea of providing warmth to p! 
such a food product must have been quite 
novation. His experience with other produ: 
taught him that apples, cabbage, turni 
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eep better in cool than in warm storage, the sweet potato is reflected in the writings of 
uuld naturally expect to store sweet po- Sir Joseph Banks?? on some horticultural observa- 
the same way. tions selected from French authors. He says: 

the records of sweet-potato storage is the slightest scratch predisposes them to rot. They 
by Joseph F. O’Hear*’ in the Southern must be kept free from frost and damp; if exposed 
ind Market Gardener, published at _ to either of these, they exhale an odour like that 
n, South Carolina, in 1852. He gives the of the rose, and rot immediately. P 

the construction of a sweet-potato cellar At any rate, the transfer from a tropical to a 
heat was used. He recommended that the temperate climate necessitated the devising of 
tatoes be piled on poles and a smoky fire methods of storage to provide food in winter and to 
every day for three or four weeks. He put keep the roots in viable condition until the next 
nphasis on smoke, but heat rather than planting season. Somehow the early users of the 


sweet 


as probably the important factor. This is sweet potato learned the fundamental require- 


ie of the earliest records of the use of heat in the ments for successful winter storage, the need for a 
uring of sweet potatoes. cure or conditioning treatment, and for a warm 
Knowledge of the difficulties in the storage of storage place. 
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SCIENCE ON THE MARCH 


EXPERIMENTING WITH SOIL 


HE 108th wheat crop is growing on Broad- 

balk field at the Rothamsted Experimental 
Station in England. This historic field in 
Hertfordshire has a great deal to tell us today. It 
was laid down by Lawes and Gilbert, who began 
their field experiments at Rothamsted in 1843 and 
carried on their partnership for over fifty-seven 
years. Their classical experiments laid the founda- 
tions of our scientific knowledge of the manuring of 
crops and are still giving us valuable information. 
The unmanured plot on Broadbalk continues to 
give a yield of about 12 bushels per acre, about the 
world average; the plot receiving 14 tons of farm- 
yard manure every year yields about three times 
that amount, and so does the plot which receives a 
fairly heavy dressing of “complete” fertilizers and 


which has had no organic manure since 1839 
There is no evidence that the produce trom the 
fertilizer plots is in any way inferior to that from 
the dunged plot, nor has the soil suffered from the 
long-continued fertilizer treatment. The fertilizer 
plots still maintain a normal population of earth. 
worms and microorganisms, and the crops grown 
on them are not more susceptible to disease than 
those receiving organic manures. 

Since the days of Lawes and Gilbert the soil work 
at Rothamsted has been greatly expanded. As a 
result of the statistical research of R. A. Fisher, the 
methods of field experimentation have been much 
improved, and the more recent Rothamsted experi. 
ments are laid out in such a way that greater ac- 
curacy is obtained. These new methods have beer 


The famous Broadbalk field at Rothamsted, which has grown wheat each year for more than one hundred 
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Experiment being carried out at Rothamsted to test the growth of broad beans 


applied all over the world, not only in agricultural 
investigations but also in many other branches of 


researe h. 


organisms. The early soil work at Roth- 


amsted supplementing the field experiments was 


chemical and botanical, though as long 


ago as 1877 Robert Warington began investigating 


hiefly 


the soil microorganisms and opened a field of re- 
search which has been greatly expanded. 

In recent years much attention has been given 
to the nodule bacteria of leguminous plants and also 
the general study of the soil’s population of micro- 
scopic living things. It was found, for instance, that 
in many parts of Britain the nodule-forming bac- 
teria of alfalfa were not present in the soil, and it 
was impossible to grow the crops satisfactorily 

introducing them. 

‘ present time the nodule bacteria of clovers 

g studied. In certain districts the bacteria 
type that does not collect nitrogen satis- 
and the possibility of introducing more 
types is being investigated. If this can be 
vill lead not only to more vigorous growth 
ind an improvement in pastures but also 

ding up of soil fertility. 

s are also in progress on the physical prop- 
soils, and valuable information has been 


obtained on the movement of soil water. It has 


been shown, for instance, that, as far as moisture 
chief 
surface cultivations is the de- 


conservation is concerned, the benefit of 
hoeing and other 
and not the formation of a 


struction of weeds, 


surface mulch as was at one time believed. The 


weeds make heavy inroads not only on the wate1 


supplies but also on the plant nutrients. 


Salt for sugar. The Chemistry Department is 


continuing the early investigations on organi 


manures and fertilizers; in particular, a thorough 
studv has been made of the manuring of sugar beet 
As a result, the manuring of this crop has been put 
on a much more satisfactory basis. It was shown in 
the course of these investigations that the addition 
of salt increases the yield. 

Another line of work is the study of deficiencies 
and manganese, of 


of substances such as boron 


which only minute quantities are required by 
plants. The manuring of forest nurseries is also 
being investigated, and results of practical impor- 
tance have already been obtained. Other work in- 
cludes the placement of fertilizers close to the seed 

A department has recently been established to 
study soil formation and classification, and Roth- 
amsted is now the headquarters of the Soil Survey 


for England and Wales 





Until about thirty years ago most of the soil re- 
search in Britain was done at Rothamsted, but soil 
studies are now carried out at several other cen- 
ters. In 1930 the Macaulay Institute for Soil Re- 
search was established in Scotland, and an exten- 
sive program is in progress there. This includes 
investigations on soil fertility, pedology, soil organic 
matter, plant physiology, and spectrochemistry. 
For a number of years the Macaulay Institute was 
engaged on problems connected with the reclama- 
tion of peat land, and a valuable piece of work 
has been done on cobalt deficiency, which causes 


the disease known as “pine” in sheep. 


At the Horticultural Research Station at Long 
Ashton, in Somersetshire, England, a great deal of 
soil work has been done, particularly on fruit soils, 
and special attention has been given to trace ele- 
ment deficiencies. Soil investigations are also in 


progress at a number of universities. At t] 
sity College of North Wales, for exam 
attention has been given to studies on s 
tion and to soil surveys; in Cambridge. 
soil drainage is being studied; and there 
soil departments at Oxford and Aberde: 
Soil advisory work among farmers i1 

and Wales is carried out by the Nationa 
tural Advisory Service, and in Scotlan 
agricultural colleges and the Macaulay 
An increasing number of farmers are m 
of these advisory services, and liming and 
practice is being steadily improved | 
Britain. 

Sm WI! 
Rothamsted Experimental Station 
Harpenden, Hertfordshire 
England 
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New Books Received 


An Illustrated Manual of California Shrubs. Howard 
McMinn. xi+ 663 pp. Illus. $6.50. University « 


The Chemistry of Hydrazine. L. F. Audrieth and Betty 
Ackerson Ogg. xii+ 244 pp. Illus. $5.00. Wiley, New 
York. 1951. 

Man Is a Microcosm. J. A. V. Butler. vi+ 162 pp. Illus. 
$3.00. Macmillan, New York. 1950. 

Associative Evolution—The Prophecy of Isaiah. Morris 
J. Spivack. 75 pp. Mimeo-stencil ed. $2.00; blueprint 
ed. $5.00. Author. 455 Coney Island Ave. Brooklyn, 
N. Y 

Quantitative Analysis. (3rd ed.) William Rieman, III, 
Jacob D. Neuss, and Barnet Naiman. x+523 pp. 
Illus. $5.00. McGraw-Hill, New York. 1951. 

La Planta de Trigo, Morfologia y Fisiologia. J. de Car- 
valho Vasconcellos. xi + 201 pp. Illus. (No price given. ) 
Instituto Nacional de _ Investigaciones 
Madrid. 1950. 

A Field Guide to the Butterflies. Alexander B. Klots. 
xvi+ 349 pp. Illus. $3.75. Houghton Mifflin, Boston. 
1951. 

On the Origin of Species. (Reprint of 1st ed.) Charles 
Darwin. xx + 426 pp. (No price given.) Philosophical 
Library, New York. 1951. 

The Young Scientist. Maitland P. Simmons. viii + 
Illus. $3.00. Exposition Press, New York. 1951. 

Inventories of Apparatus and Materials for Teaching 
Science. Vol. II, Universities. 145 pp. $2.00. Columbia 
University Press, New York. 1950. 

Men of Other Planets. Kenneth Heuer. x + 160 pp. Illus. 
$3.00. Pellegrini & Cudahy, New York. 1951. 

Human Fertility: The Modern Dilemma. Robert C. Cook. 
viii + 380 pp. $4.50. Sloane Associates, New York. 1951. 

Chimie Minérale Théorique et Expérimentale (Chimie 
Electronique). Fernand Gallais. 810 pp. Illus. 2,800 fr. 
Masson, Paris. 1950. 

The Growth of Scientific Ideas. William P. D. Wight- 
man. xii+495 pp. Illus. $5.00. Yale University Press, 
New Haven. 1950. 


Agronomicas, 


164 pp. 
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fornia Press, Berkeley. 1951. 


Bibliographic Organization. Jesse H. Shera and Margaret 


E. Egan, Eds. xii+ 275 pp. 
of Chicago Press, Chicago. 1951. 


Illus. $5.00. Univ 


ersity 


Letters on the Ornithology of Buenos Aires. W. H. Hud- 


son. xv + 
IN. se a9ON. 

The New Physics. C. V. Raman. 144 
sophical Library, New York. 1951. 

Organic Chemistry. (3rd ed.) E. Wertheim. xii 


pp. $3.7 


93 pp. $2.75. Cornell University Press, Ithaca 


Illus. (No price given.) Blakiston, Philadelphia. 195 


The Sea Around Us. Rachel L. Carson. vii + 230 


yp 
} 


I]lus 


(No price given.) Oxford University Press, New York 


1951. 

Possible Future Petroleum Provinces of North 
xiii + 358 pp. Illus. (No price given.) Ameri 
ciation of Petroleum Geologists, Tulsa, Okla 

Artificial Fibres. R. W. Moncrieff. x + 
Wiley, New York. 1950. 

Is Another World Watching? Gerald Heard. xiv 
Illus. $2.75. Harper, New York. 1951. 


1 


Genesis and Geology. Charles Coulsion Gillispie. » 


pp. $4.50. Harvard University Press, Cambrid 
1951. 

A Study of Classic Maya Sculpture. Tatiana P 
koff. xi + ] 


1950. 

Hyperbrachycephaly as Influenced by Cultur 
tioning. J. Franklin Ewing. x+100 pp. Ih 
Peabody Museum, Cambridge, Mass. 1950. 

An Index of Mediaeval Studies Published in Fes 
1865-1946. Harry F. Williams. x + 165 pp. $4 
versity of California Press, Berkeley. 1951. 
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BOOK REVIEWS 


THE DELECTABLE MOUNTAINS 


parable Valley—A Geologic Interpretation 
Yosemite. Francois E. Matthes; edited by 


Fritiof Fryxell. xvi+ 160 pp., 50 pls., 13° diagrams. 
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niversity of California Press, Berkeley. 1950. 


HIS delightful posthumous book is by an ardent 
of the high Sierra Nevada, especially the 
ymparable Yosemite Valley, which is annually 


1O\ 


for hundreds of thousands of visitors to 
National Park. Dr. Matthes’ book exemplifies 
expressed elsewhere by the editor that “true 

m of landscape comes only when one is 

‘th its beauty and its meaning.” In the first 

the author was a topographer who understood 

‘ inherent nature of land forms that his con- 
maps had the expressive beauty of etchings; he 


en became a geologist who was a foremost interpreter 


he alpine glaciation of the relatively recent Ice 


ve and of the characteristic land forms that resulted 


ughout the Sierra Nevada. A few years before Dr. 


tthes’ death this reviewer was one of a small party 


t shared his gracious enthusiasm as he led them over 


iliar Yosemite trails. Although not a “Son of the 


’ as was John Muir, he embodied much of 
spiritual insight into the beauties of nature 
in alpine peaks and canyons. He was a quiet 

ncing exponent of the unique values to modern 
mountain wildernesses, which found expression 
s active membership in The Wilderness Society 
rief characterization of Dr. Matthes is given to 
who did not know him to appreciate better 
quality of his book. This quality is enhanced 
thily and effectively by the editor—a “moun 
himself, and the author of The Tetons 
tions of a Mountain Landscape (Univ. Cali- 
ss [1938]) aptly reviewed as belonging “in 
literature as weil as of science.” The author 

» actually to write the book on the Yosemite 
had long cherished and planned, probably 
the completion of his masterly professional 

e Ge ologic History of the Yosemite Valle) 
n 1930 by the U.S. Geological Survey. The 

been able through intimate association in 
spirit to weave together notes, manuscripts, 

ed materials as Dr. Matthes himself would 
He has modestly and artistically woven 
ds into an illuminating tapestry of poeti 
book on the Sierra Nevada of such chaste 


literary style has appeared since Clarence King’s 
Mountaineering in the Sierra Nevada (1874). It should 
become an enduring classic of the interpretation of 
geologic science. 

Justice cannot be done to the substance or the spirit 
of the book by a synopsis of its contents; yet such may 
be desirable for those who are unfamiliar with the high 
Sierra or the incomparable Yosemite. Devotees of the 
region may welcome knowledge of the contents of a 
book that they will wish to add to their libraries. Lay 
men searching for an interpretation of landscapes and of 
earth history which they can readily comprehend will 
here find their need satisfied. It is a book of nature and 
of science fo1 which ho glossary IS necessary 

The geologically long and stirring sequence of events 
that compose the physical evolution of the Yosemit 
region, from the revolutionary birth of the ancient 
Sierra Nevada to the present sculptured landscapes 
“colossal in scale and superb in composition,’ is un 
folded with clarity, simplicity, and forcefulness. First, 
however, comes a series of illustrative photographs, 
many by a peerless photographic interpreter of land 
scapes, Ansel Adams, and others by various geologists 

The geologic history of the Sierra Nevada is initially 
epitomized. Then the canyoned Yosemite region is dis 
cussed, so that the significance of the individualistic 
yet intimately related peaks, canyons, waterfalls, and 
associated landscape features is made known. Next, the 
Yosemite Valley is described as the dominant note in 
the immediate landscape, followed by the deciphering 
yf its history through geologic ages. The almost unique 
and striking domes, such as Half Dome, are interpreted 
Attention is then given to the postglacial features of the 
valley, including the magnificent waterfalls. The geo 
logic story closes with a discussion of the “Little Ice 
Age,” a concept developed by Dr. Matthes, in whicl 
he shows that the existing glaciers are not senile rem 


nants of the gvreat Ice \ge ola iers Pleistocene but 


are true glaciers in their own right, progeny of a re 
surgent glacial climate within the annals of human 
history, begun some 4,000 years ago. 

The reviewel! would be remiss if he did not remark 


upon the high quality of the halftones, the excellent 


choice of type face, and the fine format of the book 


It is in all respects a superior volume, which should 
find its way into the hands and minds of hundreds of 
thousands who would receive enjoyment and recreatiot 


from it. 





Sequoia National Park—A Geological Album. Francois _ philosophy, Plato’s Timaeus, and Copen 
E. Matthes; edited by Fritiof Fryxell. x+136 pp., views had not yet been branded heretical 
124 figs. $3.75. University of California Press, Berke ing that his cosmological speculations vast 


ley. 1950. Kepler, that Pythagorean mystic, but not ( 


a ’ : that much of his contemporary reputatio: 
HIS is almost a unique book, in that the salient : St, 


scenic and geologic features of Sequoia National 
Park are made known and understandable to lay visitors 


his supposed perfection of an “art of mer 
of natural magic derived from Raymond | 
Mrs. Singer outlines authoritatively 
years of Bruno’s life: at seventeen he enter: 
can monastery; eleven years later he left, t 
cessantly—through Italy, to Paris, to Elizal 
don where his best work was done, throu 
manies, and then, inexplicably rash, back 
There he was denounced to the Venetian | 
which under pressure handed him over to 


by means of photographs, each of which has a concise 
explanatory text. Dr. Matthes was eminently fitted for 
the task through his intimate knowledge of the region 
and his matchless interpretive skill. The geological 
album was first prepared in 1938, in three folios, for 
the National Park Service, until a geologic monograph, 
similar to that on the Yosemite region, could be pre- 
pared. But death intervened; hence Dr. Fryxell has 


ie ; Inquisition. After seven years’ imprisonm 
taken the original albums and with slight changes pre- 


burned at the stake, in 1600: his views on 
were heretical, he had left the monastery an 
and his pantheistic concept of God and t! 
was outside the framework of orthodox ( 
Bruno’s travels and acquaintances—many 


pared them for a wider public. 

The features to be illustrated have been chosen with 
care to comprise the range of striking phenomena in 
the magnificent Sequoia National Park in the southern 
part of the Sierra Nevada. They are arranged under 
eleven geologic topics, each of which has also a short 
section of general interpretive text. It is unfortunate 
that the halftones are not as excellent as they might be; 


fluential, both friends and enemies—are here 

in thorough and clear detail, though one wisl 
for more interpretation; a biography that merely states 
events and ideas fails to satisfy the legitimate demand: 
of the reader. The most useful and enlightening sections 
are those that illuminatingly outline the content 
method of Bruno’s cosmological and ethical writings 


in some instances they are so gray that the features 
they illustrate are not clear even to a geologist. Ap- 
parently either paper or ink was not of satisfactory 
quality. They are in marked contrast to the fine half- 


: : ; Most valuable of all is the excellent translation of the 
tones in the companion book also reviewed here. 


Italian treatise On the Infinite Universe and World 


This pictorial guide used with another one (Along ar : eS : 
8 - Phere is much that is still inexplicable about Bruno's 


Sierra Trails: Kings Canyon National Park. Joyce and 
Josef Muench. New York: Hastings House [1947]), 
prepared by artists rather than geologists, should give 


relations with his contemporaries and with the 
quisition, but this book gives us an opportunity t 
stand his aims and method. Startlingly  sinceré 


visitors to the southern Sierra a deeper interest in, and ‘ . “ts . ‘ : 
; gs I t ? audacious is his firm proclamation: “It is Unit 


a clearer understanding of, those superb landscapes. 


doth enchant me. By her power I am free though thrall, 
ARTHUR BEVAN 


happy in sorrow, rich in poverty, and quick eve! 


Illinois State Geological Survey death.” 


Urbana Marie Boas 
Department of History 
University of Massachusetts 


CHILD OF THE RENAISSANCE 


Giordano Bruno—His Life and Thought. With Anno- peenn iets te 7 
tated Translation of his Work on the Infinite Universe INVERTEBRATE ZOOLOGY 
and Worlds. Dorothea Waley Singer. xi+378 pp. The Invertebrates: Platyhelminthes and Rhiyncl 
Illus. $6.00. Schuman, New York. 1950. The Acoelomate Bilateria, Vol. II. Libbie Henrietta 
Hyman. vii+550 pp., 208 figures. $9.00. McGraw 


Hill, New York. 1951. 


IORDANO Bruno is known primarily for his in- 

corporation of the Copernican astronomy into 
a pantheistic cosmology. However, to consider him as HE second volume in the treatise on “In 
either a popularizer of Copernicanism, or a believer in Zoology” will reach an eypectant pub! 
the new astronomy on naturalistic grounds, grievously has long eagerly anticipated its appearance 
falsifies his place in the history of thought; he is rather volume has already taken its place as an ind 
an early example of that now-familiar phenomenon, — reference work in the field. There is no 
the thinker who makes use of the conclusions of science comparable work available in English, th 
for nonscientific purposes. Child of the Renaissance equivalent treatises being the much more det 
that he was, Bruno boldly combined an infinite universe, sentations in the Kiikenthal-Krumbach Hand 
a plurality of worlds (solar systems—for him some Zoologie and the Grassé Traité de Zoologie 
visible stars were suns, some moons), motion of all the The Bilateria as a group are discussed in al 
heavenly bodies, and a monadology with a mystical tory chapter, and phylogenetic consideration 
belief in the divine Oneness of things. His sources were — of the two phyla treated in detail are taken uJ 
mainly Lucretius, Cardinal Nicholas of Cusa, scholastic in the discussion outline in the succeeding 
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rization of each phylum includes a treat- 
historical background, characters of the 
fication of the phylum, morphology and 
ncluding development and ecology, and 
onsiderations. 

in her prefatory statement makes the im- 
ication that the contents of her volumes 
ority opinion of workers or the opinions of 
specialists in a given group, with her own 
matter, when expressed, explicitly stated 
consistency and lucidity of the presenta- 
tically represent that the author has thor- 
Venice Maough n ry of the material. It is a most unusually 
and accordingly gratefully appreciated 
ikers having occasion to refer to such a 
find a positive stand crystallized out of the 

iblished information in the field. 
nt of coverage of the subject matter is ex- 
the fifty pages of bibliography, distributed 
rs and compiled in condensed but highly 
sible form. Titles of articles are quoted and 


}ulsition, @mencount 


¥ Roman 


he was 


universe 
tholicism, 

and 
ified to the major headings of treatment. The ref- 
luded show obviously great care taken to 

te latest available findings. 

. dema ids llustrations are presented nominally as figures, 
rh most are in actuality plates including a number 


if Sections 


ntent andi™o! detailed figures. As a part of her plan of presenta- 
| writings,f™tion the author has personally prepared the illustrations 
ion of thefrom specimens or made adaptations from published 
d World ies. The uniformity so conferred is a most distinct 


ut Bruno'sedvantage to the user. Many habit figures are presented, 
1 the In- that a thoroughgoing impression of general aspect 
to under-fmgn the groups under discussion is conveyed. The tech- 
| details of morphology and the features of the de- 
jpmental stages are equally comprehensively  illus- 
ted. The successful apposition of figures to subject 
tter under treatment would appear to reflect un- 
lly careful and competent procedure in planning 
omposition of the volume. The physical features 
k in all respects conform to the high standards 
tion of the series in which it is included. 
Paut L. Itie 
f Invertebrates 
nal Museum 


9G: 


WHAT'S IN A NAME? 


eae of Northern South America. (2 vols.) 
lrelease and Truman G. Yuncker. 838 pp., 
tes. $10.00. University of Illinois Press, 
1950. 


Piperaceae, one of the larger families of di- 
donous plants, is a pantropical group of ra- 
ity that has baffled more than one taxonomist. 

most workers faced with the necessity of 
material, the Piperaceae has presented a 
insoluble problem, by virtue of the taxo- 
insatisfactory character of its simple flowers, 

features of its gross morphology, and _ its 
id abundance in nature. A regional revision 


of the family, therefore, particularly in the area that 
seems to represent one of the two main centers of dis 
tribution (the other being southeastern Asia and Malay 
sia), is a highly noteworthy publication in the field of 
systematic botany. 

Ihe family is considered to include two large genera, 
Piper and Peperomia, each with several hundred species, 
and a few small generic segregates. Earlier efforts at 
its classification were undertaken by Miquel, Casimir 
de Candolle, and (for Ecuador only) Sodiro. After De 
Candolle died in 1917, Professor Trelease became in 
terested in the family, especially in the New World, and 
published revisions for Costa Rica, Panama, and Peru. 
Before his death, in 1945, Trelease had studied the De 
Candolle collections at Geneva in connection with a 
wealth of more recently assembled specimens, and his 
unpublished notes and manuscripts were voluminous 
Professor Yuncker, himself an established authority on 
Peperomia in the Pacific area, was prevailed upon to 
complete Trelease’s work at least in part, and the present 
revision is the result of his diligent study of all the 
available herbarium material and his collation of Tre 
lease’s papers. That the major contribution to the work 
was made by the junior author may be surmised, al 
though most of the novelties are attributed to both 
authors. 

Professor Yuncker, in his introduction, anticipates a 
criticism by stating that the number of new species 
recognized is extremely large and will perhaps appear 
unreasonable. The area covered, however, is fantas- 
tically rich in individuals of the family; furthermore, 
comparatively few species of it from this region have 
been described for more than thirty years, a period of 
very intensive collecting, often in areas hitherto little 
known botanically. The treatment is certainly not of- 
fered as the last word, for one may suppose that further 
field study or more abundant collections will necessitate 
reconsideration of some species, and doubtless a con 
siderable number of undescribed entities await collec 
tion. 

The keys are frankly artificial and designed to ex 
pedite identification. Floral characters are for this 
purpose unsatisfactory, as a large percentage of herbatr 
ium specimens lacks mature spikes. Inevitably, foliag 
and indument characters have been stressed in the keys 
Che place of deposit of specimens is shown by a stand 
ard series of abbreviations. The treatment closes with 
a bibliography, an indispensable index of collections 
cited (occupying 61 pages and arranged by genera 
and a general index to scientific names. 

It has seemed impractical to arrange the species in 
subgenera or sections, since these, at least as recognized 
by De Candolle in Piper, are differentiated on the num 
ber and position of stamens, difficult or impossible to 
determine in a large proportion of herbarium speci- 
mens. The keys have been divided, however, in ordet 
to facilitate their use, but the subdivisions are not nat 
ural groupings in the taxonomic sense. A treatment of 
this sort will seem unsatisfactory, if not baffling, to 
readers who seek phylogenetic implications in taxonomic 


papers. But in view of the present state of our knowl- 





edge of this Vast family, one fails to see how Yuncker 
could have made any other choice but to avoid phylo- 
genetic speculation in favor of practicability. 

Descriptions are fairly brief, but adequate; most of 
the new entities and many older ones are illustrated by 
halftone plates showing herbarium specimens, ‘These 
plates are well reproduced and will prove invaluable 
as an aid to identification, but they must definitely be 
supplemented by the descriptions for an understanding 
of essential detail. Although the great number of plates 
might incline one to think that this a a “picture book” 

so dear to a certain type of worker who hopes to 
“match” material by thumbing through illustrations 
such is not the case; the reader who is unwilling to use 
the keys and the technical descriptions will not be happy 
with this book—in fact, he would do well to avoid 
such a family as the Piperaceae altogether. 

Although six genera are recognized, two of them 
Piper and Peperomia per cent of the 
species. In this treatment 840 species, many of them 
further subdivided, are recognized. To one accustomed 


contain 97.5 


to comparatively well-known temperate floras, it will 
come as a slight shock to learn that the authors have 
felt it necessary to propose 405 species as new, names 
and descriptions for these being provided in the present 
work, A major revision in which nearly half the ac- 
cepted entities are described as new is difficult for many 
botanists to accept, particularly if they are inured to the 
conservative species concept that seems to accompany 
the study of well-known floristic regions. But botanists 
who have worked with such spectacularly rich flora as 
that of northwestern South America will find Yuncker’s 
evaluation of specific entities entirely credible, as they 
recall the profuse occurrence of Piper and Peperomia 
in the Andes. It must not be supposed, as is sometimes 
facetiously claimed, that no species of these genera can 
contain more than a handful of individuals. Consulta- 
tion of the very substantial paragraphs of specimen 
citations, and examination of the extensive synonymy, 
will demonstrate that many species are very bulky en- 
tities, considering the still-cursory state of our knowl- 
edge of the actual plant poulation of northwestern 
South 

The only 


America. 
matters of nomenclatural judgment that 


the reviewer would question are insignificant. For in- 
“sp. nov.” 


stance, Peperomia litiana is proposed as a 
without a Latin diagnosis, but one soon perceives that 
this is actually a new name based upon an earlier tri- 
nomial and not a new species. Peperomia biamenta is 
similarly proposed as a “sp. nov.” (with a Latin diag- 
nosis), when it is actually based upon the type of a 
published trinomial and therefore is only a new name. 
One might also wish that fluent specific epithets could 
have been found for all the new species, while quite 
aware that thousands have already been used in Piper 
and Peperomia and that the choice is thereby restricted. 
However, nontaxonomists will not approve such epithets 
as caliginigaudens, churruyacoanum,  protracticuspi- 
datum, and sachatzinzumba. 

It would not be possible to present such a voluminous 
the reviewer has found few 


work without flaws, but 
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mistakes of an editorial or typographica 
the accuracy of the geographic citations 
to note. Piper rusticum appears in the 1 
No. 90, instead of 190, 
the spacing of paragraphs is uneven in su 


a trivial error, ai 


the beginning of each entity is not im: 
parent. However, the University of Illino 
be complimented on the pleasing appear: 
text and plates. Professor Yuncker is ind 
gratulated for the high standard of workmar 
detail that are 


competent attention to 


every page of his work, as well as upon hi 
courage in completing a revision which, | 
of its basic difficulties, would have discoura 
accomplished and talented a taxonomist. 


Department of Botany 
U.S. National Museum 
Washington, D. C. 
HERITAGE 
The Smithsonian: America’s Treasure House. Webs 
Prentiss True. 306 pp. Illus. $3.50. Sher Hi 
New York. 1950. 
ERE James Smithson to visit Washin; 
today and view the vast and impo 
tures of the Smithsonian Institution, he would und 
edly be amazed at what his bequest has made poss 
For, since its founding on August 10, 1846, the Smit 
sonian has expanded incredibly. In his highly interes 
ing account of the “treasure house,’ Webster Pr 
True that the tremend 
diversification and ramifications of its activities 
than 27,000,000 biological specimens, 1° 
skulls, 13,000,000 copies of its publications, et 
The growth of the Smithsonian has not been n 


cites statistics illustrate 


quantitative, however. In carrying out Smithson’s 
nal purpose, as stated in his bequest, of an institut 
designed for the “increase and diffusion of knowled 
the Smithsonian has long carried on an extensivi 
search program of international scope. In a1 
to combat the popular misconception that it 
a collection, albeit on an unusually large scale, of s 
tific and other objects of historical interest, the au 
delves into the research activities of staff scientists 
demonstrates the extremely useful aspects of suc! 
search, and details the noteworthy services ren 
the Smithsonian during both world wars. 

In a delightfully interesting manner, th: 
taken on an extended tour of the treasures on « 
In nontechnical language 
the lines 


the Smithsonian. 
book is intended for the layman 
along which the treasure house is organized 
amples of the various exhibits are neatly pre 
delicious repast is spread before the read 
appetite is skillfully whetted by choice intell« 
Whether his interest is in our planet earth 
myriad forms of life on it; whether in the ai 
of prehistoric and modern man on our conti! 
the past and present of the American India 
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al collections associated with our country’s 
or in the story of America’s mammoth 
hether in the latest researches concerning 
, those dealing with the innumerable galax- 
niverse—there is more than enough at the 
to satisfy a multitude of interests. Besides 
| Museum, the Washington Zoo and_ the 
allery of Art—also part of the Smithsonian 
les of visitors, and the sights on view are 
rgotten. 
or’s aim of enlarging our knowledge of the 
nd the treasures on exhibit at the Smith- 
resenting the material in a manner designed 
1e interest of the average reader is accom- 
admirable fashion. Too often has the edu- 
ian thrown away in disgust a volume meant 
e his interest in and understanding of scientific 
a after spending several uncomfortable hours 
master material poorly presented and written 
gobbledygook. True has avoided such mis- 
the difficult task he has tackled. He has also 


| the twin pitfalls of faulty generalization and 
naccurate presentation of scientific data. 


In view of the interesting and competent manner in 


which the book is written, it is regrettable that the 


thor has failed to include a bibliography, which would 


ertain 


y be profitable to those interested in knowing 


re about “America’s Treasure House.” 


Harris ProscHANSKY 


75 Grand Concourse 
w York City 


EVALUATING APTITUDE AND 


ACHIEVEMENT 


{ Mental Tests. Harold Gulliksen. xix 4 
$6.00. Wiley, New York. 1950. 


186 pp. 


HOLOGY has long needed an advanced text- 


book covering the theoretical background and sta- 


procedures involved in the construction of apti- 


| achievement tests. Gulliksen’s book excellently 
need. Material that has been available only in 


rably older books and scattered original sources 


rought up to date and, in several cases, extended 

ksen’s own work. 

test theory formulas are derived both from a 
of random error and from a definition of true 


| he book then covers the following major topics: 


neasurement, substitution, and prediction and 
nterpretations of the errors of measurement; 
test length on reliability, validity, and other 
meters; effects of group heterogeneity on test 
and validity and corrections for restricted 
ity; criteria for parallel tests; methods of ob- 
nd estimating test reliability; speed versus 
ts; methods of scoring tests and of standardiz- 
juating test scores; weighting and differential 
and item analysis. 
hout the book the author has assumed that the 
ws elementary statistics, algebra, and analyti- 


cal geometry. In specific portions he has also assumed 
somewhat greater mathematical preparation, including, 
for part of one chapter, matrix algebra. The chapters 
and sections are sufficiently independent so that students 
with the minimum background can understand those 
parts for which more advanced preparation is not specifi- 
cally assumed. 

Persons concerned about problems arising in other 
attitude 


measurement or personality scales, will profit from a 


types of psychological measurement, such as 


study of the solutions to similar problems which have 
already been worked out in test theory. But the book is 
primarily intended for those working in test develop- 
ment. For this field it 
textbook; for students, teachers, and test developers it 


students in will be a valuable 
will be a standard guide and reference work. Users will 
welcome not only the derivation and interpretation of 
the formulas applicable to testing problems, but also 
the discussions of the conditions of thei appropriate use 
and the many computational aids and working proce 
dures that are described. 

Dart Wort 
Commission on Human Resources and Advanced 

Training 


Washington, D. C. 
RESEARCH AS ART 


The Art of Scientific Investigation. W. 1. B. Beveridge: 
171 pp. $3.00. Norton, New York. 1950. 


X11 


O MUCH is written about the orderliness. the ste p 


to-step procedures of scientific method, research, 
and discovery, that one is apt to get the impression, 
falsely, of an all-knowing cookbook guiding the dis 
ciplined and obedient scientist and inevitably directing 
him to unmask the unknown. However, when one re 
flects on the basis for this conception, the reason turns 
out to be quite plain. For books about science get thei: 


material and inspiration from books and 


on science, 
these latter usually present their case in accordance with 
the precepts promulgated by the former! 

No one who has not undertaken scientific research 
can fully appreciate the unexpected difficulties, the try 
ing change of plans, the hit-or-miss procedures, and, 
yes, the unexpected ease at some points, that often arise 
to plague, puzzle, or please the researcher. It is alto 
therefore, when a scientific researcher 
the ot 


exposing his research activities and those of his fellow 


gether gratifying, 


undertakes to raise mysterious curtain science 


scientists, and unashamedly allowing the public gaze 
to the that 
carefully concealed or censored from the finished prod 


focus on “dirty linen” otherwise is often 


uct. Professor Beveridge, the distinguished director of 
the Institute of Animal Pathology at the University of 
Cambridge, has done just that. 

Erratic chance, elusive imagination, and impulsive 
intuition forcefully 


are exhibited as the triumphant 


heroes of fruitful scientific discovery. And once exalted 
to the 
and develop 


ment. Bravo to all this! Indeed, most of the book might 


reason is dethroned and _ relegated ancillary 


sphere of “verification, interpretation, 
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readily have been devoted to showing how reason has 
often held back or stifled original “‘mad” ideas 
which, by pure doggedness on the part of their origina- 


ideas 


tors or disciples, were shown later to be of tremendous 
fertility in the over-all scientific enterprise. Presented, 
also, are many useful hints based on the experience of 
the author and of many others, to help the researcher 
plan his experiments and get the most from his capaci- 
ties of imagination and intuition. 

Biologist that he is, Beveridge has chosen most of his 
examples from the research of others in his own spe- 
from the other 
is especially apt 


cialty, but there is a good sprinkling 
sciences as well. The young researcher 
to profit from this book by avoiding 
countered by others, taking advantage of their fruitful 
experiences, and deriving difficult 
periods from the knowledge of the not-infrequent dis- 
couragements of even the world’s most renowned sci- 
entists. In fact, the 
young researcher or the one about to enter upon such 


the pitfalls en- 


encouragement in 


book is largely addressed to the 


a career. 

One note of criticism: Beveridge does not lay much 
value on courses in the philosophy of science for sci- 
ence students, but does not say why. He does, however, 
think that courses in the history of science could be 
helpful. One wonders how the latter could be given 
in an adequate manner without taking into account the 
changing philosophies of science held at different periods 
and how these affected in good measure the type of 
science characteristic of a given period. 

The book is well worth reading and, though quite 
elementary, the thesis proposed might well serve the 
useful function of reminding the busy scientist that 
“scientific research is still an art or craft.” 

Percy BLack 
Institute of Child Welfare 
University of Minnesota 
Minneapolis 


PSYCHIC HYDROLOGY? 


Henry Gross and his Dowsing Rod. Kenneth Roberts. 
310 pp. Illus. $3.00. Doubleday, New York. 1951. 


HERE is something so impressive about the per- 
formance of an experienced dowser that the aver- 


up-country family needing water sings praises loud 
and far for its down-to-earth benefactor. Statistics would 
be difficult to gather, but probably a substantial part of 
the family-size wells in this country have been dug 
after seeking or accepting the advice of a dowser or 


age 


water witch. 

The equipment used by most is very simple: a forked 
twig of apple, witch hazel, or one of a variety of other 
deciduous trees, preferably fresh-cut. The dowser 
grasps the two ends, holding his hands palm-side up. 
With the apex of the V held aloft he takes off afoot, 
and when it dips and points downward it indicates to 
the performer that a water vein is below. From this 
point on, local practices and individual variations em- 
bellish the artistry of each diviner. 

In some circumstances he may take it upon himself 
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to predict the depth to the water, its rat, 
temperature, whether it is drinkable or no 
of soil, gravel, or rock the well-digger wi 
whether your wife’s first cousin’s neighh: 
away can locate his well successfully withi 
his house, whether there’s water on Ber 
moon, or on Mars, and sometimes the locati 
having more than 3 per cent of alcohol 
such supplies are bourbon or hard cider. 
story of Henry Gross and his dowsing rox 
Kenneth Roberts records such feats and 
dowsing rod, in the hands of a skilled dows 
be invariably accurate,” says the author. 


He goes on: 


No human activity is infallible; but so fa: 
havior of Henry’s rod is concerned, it is as 
fallible when operating under natural condit 
thing can be. My primary reason for writin 
was to place on record the peculiar facts in 
Henry Gross, so that they might readily be « 
amateur and professional dowsers. But I had a 
son. I wanted to make a plea to scientists wl 
vestigated, or think they have investigated, do 

Yet scientists may ask how it was possib! 
ample, for Gross, Roberts, and Company to | 
they describe as “domes” of fresh 
yielding at the rate of 44 and 81 gallons a 


water 1n 


drilling down lower than sea level from high points 
the island? The author asserts that there was no fres 


“All dt NK 


water Bermuda. 


water was rainwater, trapped by the whitewashed 1 


no spring water—in 


of all Bermuda buildings, and by whitewashed rock 1 


good te 


catchers. ...”’ A few moments’ research in a 


] 


book on ground water will show that limestone isla 


xt 


of the Bermuda type have little fresh water because | 


limestone is so permeable that rain water runs thro 
it rapidly and mixes with the salt water. Nevertheless 


} 
1aS 


Bermuda included—as 
have a thin lens of 


most of these islands 
been known to hydrologists ) 
water floating on salt water, its thickness depending 
the size of the island, the permeability of the roc! 
the rainfall. The problem is not that there is no 
much. What ther 


“ 


ty 


water, but that there is not very 
must be developed by a “skimming” process 


] 


wells or galleries are dug to or just below sea level ; 


the water is pumped at a rate that will keep its | 
just above that of the sea and thus prevent salt 
from rising into the well or gallery. 

Mr. Roberts has succeeded admirably in r 
the outward manifestations of his neighbor’s per! 
ances, but if he hopes to win over natural 
to the point where they are willing to make conc 


to psychic “hydrologists” of the homespun variety, tht! 


he should change his belligerent tactics. His 
work is too much in the nature of attempting 
an Irish terrier lie down beside a strange cat 


Men of broad scientific background are quite W! 


e 


to grant that some individuals are more sens 
others to changes in the strength and polarit 
trical fields associated with both natural and 


+ ¢ 


rfifl 


objects. S. W. Tromp, a Dutch geologist who |! 
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niversity, Cairo, and is now with the 
ns, appears to have demonstrated just 
carefully controlled experiments that rule 
lanations (including, at least in some cases, 
for the observed “dowsing phenomena. 
rations, in part, have been confirmed by 
al measurements. (See his book, Psychical 
entific Analysis of Dowsing, Radiesthesia, 
Divining Phenomena. New York: Elsevier 
But even a scientist like Dr. Tromp does 
» claim that dowsers can identify the cause 
lar change in electrical field strength, but 
exists. Nor does he support the claims of 
“ea 
resting to observe that water witches are most 
n areas where the small supplies of wate 
eking are so universally present beneath the 
t it would be a real accomplishment to 
¢ water, Such conditions are very wide- 
in only a comparatively small part of the 


} 
N 


d area is it impossible to obtain the small 

iter supplies needed for household use, though 

yplies for industrial use or irrigation are some- 

ng else again. Difficult areas include some extreme 

desert areas and some areas of unusually dense, un- 

fractured rocks that absorb little or no water from pre- 
| tatiol 

Statistics can be made to lie, but they can be made 

ll the truth, too. In New South Wales, the govern- 

as a matter of interest has kept records as to 

of several thousand well locations have been 

sed and which have not. Over the years the dowsed 

have been consistently less successful than those 

ind by other means, indicating that chance or plain 


kommon sense is a little more reliable. On the basis 


q 


Dr. Tromp’s findings, it may be that New South 
Vales dowsers are detecting changes in electrical fields 
riginating from a variety of sources; but that they are 
iting water is challenged by the record. 
Roberts’ faith in Henry’s rod is unshakable. He re- 
rds, for example, that many persons find dowsing rods 
king strongly in their hands when they follow in the 
of a skilled dowser, but when left to their 
es their rods dip equally strongly over spots 
no attraction whatever for the rod of the 


ited dowser. Is this not an argument for “educated 


or autosuggestion? Just how great a_ part 

dowser’s acquired (and perhaps unconscious 

nowledge of elementary hydrology and geology play 
nthe practice of this art? 

This book shows that education has a great deal to 

t, for Kenneth Roberts tackled the subject of 

s he would tackle a subject involved in any 

rb historical novels. The wealth of his quota- 

water literature both past and present, and 

of his travels and researches into the various 

ns of dowsing as practiced over the centuries 


ind throughout the world, indicate that his own know]- 


hese fields grew considerably in the years 
‘owing his first experiences with Henry Gross. As the 
uthor iowledge grew, so did his expectations of in- 


creased performance on the part of his favorite dowser. 
He was not disappointed at any stage. The ability of 
Henry's rod to keep up with Roberts’ educational prog 
ress Was remarkable. 

It is especially hard to believe that any “dowsing 
ability” is involved when Henry “asks his rod” all 
manner of questions after the manner of the Delphi 
oracle the rod pointing down for answers in the af 
firmative and remaining upright for negatives. One 
trained in. scientiiic methodology naturally wonders 
what other factors are involved in such phenomena as 
long-distance dowsing, or locating such things as min 
erals, oil, fugitives from justice, gold watches and 
brooches, anchovies, tourmaline, and scotch. Why is a 
twig that works for bonded bourbon suddenly silent 
where blended spirits are concerned? How great a con 
nection is there between certain bizarre dowsing pet 
formances and old-fashioned spiritual seances with 
floating tables and horn rappings? 

Although Mr, Roberts may have failed to stir up any 
kindred appreciation among scientists for the fine points 
of Higher Doodlebugging, the fact remains that there 
is an unexplained or only partially explained power in 
volved. Increased human knowledge apparently gives 
added ability. Yet if dowsing is based on natural laws, 
as experienced diviners claim, the approaches suggested 
by Dr. Tromp are more likely to impress men of re 
search than is the less scientific though perhaps more 
dramatic approach of a novelist. 

Herpert B. Nicnor: 
Washineton, D. C. 


WORDS, THE SIGNS OF IDEAS 


Interlingua-Enelish Dictionary. Alexander Gode, Ed. 
Ixiv+415 pp. $5.00. Storm Publishers, New York 


1951. 


AKEN by itself, this book leaves a rather odd im- 

pression. It purports to contain the vocabulary 
of the international language which “exists potentially 
in the common elements of the speech forms of huge 
segments of civilized mankind.” Even a cursory ex- 
amination reveals a stratum of technical terms from 
Greek—familiar like barometro, unfamiliar like cyano- 
gramma for blueprint (but gramma does not mean 
“print ); another stratum taken directly from Latin 
adhuc, apud, olim, sed; a large stratum of Latin words 
remodeled in the interest of uniformity; and a liberal 
sprinkling of words taken directly from single living 
languages—conspuer, Poltergeist (but not Zeitgeist 
the inevitable bar, cocktail, and whisky, along with 
beefsteak and roast beef. All this purports to be “the 
natural choice for the vocabulary of an international 
language based on the common features of the languages 
of Western civilization.” 

The processes by which the words of this language 
are selected and normalized must be studied in the intro 
duction; they cannot be summarized in a brief note. In 
essence, however, they seek to establish a basic form 
which is sometimes Latin, sometimes Latin modified in 
an effort to arrive at a form “potentially” present, with 


41 





the aid of “a parallel between formal and semantic con- 
tinuities.”” It makes sense to say that Latin episcopus is 
latent under the various forms of évéque, vescovo, obispo, 
and bishop, and it is permissible to adopt the modifica- 
tion episcopo for the new language, if one likes; but quia 
for because, or sed for but, is not latent in the forms of 
any modern language, and to adopt such a form is merely 
an arbitrary way of cutting the knot. The allusion (p. 
xxxv) to forcing certain forms back into the Latin pat- 
tern might be thought to betray the cloven hoof. It is 
very that form never 
be conditioned by a trait restricted to one single con- 
trolling variant,” but why accept an entire word from 


well to say “the resultant must 


a single language in some cases, and go through the 
laborious process of reduction to type in others? 

In short, it is questionable whether this assorted 
word stock can fairly be called international, even for 
the world of Romance and English speakers for whom 
it is designed. Unity of form admittedly does not cover 
unity of meaning; and the principles of spelling and 
pronunciation are also fluctuating, with certain familiar 
difficulties rather evaded than met. One might imagine 
a group of scientists writing in this language, but it is 
very hard to imagine even scientists conversing in it, or 
to suppose that it could become a medium for every- 
day communication. A strict Neo-Latin under- 
standable idea; but the attempt to make it flexible by 
working in assorted linguistic strands yields a product 
that is no more logical than any actual language, and 
certainly less homogeneous. Only time can tell whether 
Interlingua is really a step toward a workable inter- 


is an 


national language or a monument of misplaced effort. 


General Phonetics. R-M. S. Heffner. xvii + 
Illus. $7.50. University of Wisconsin Press, Madison. 


t 


1950. 


253 pp. 


HIS book, dedicated to the memory of Karl Hoch- 

doerfer and Charles Hall Grandgent, gives a lucid 
and well-arranged survey of its double field: the pro- 
duction of vocal sounds and the nature of the sounds 
produced. The two chapters of Part I discuss the physi- 
ology of the speech organs and, in somewhat less de- 
tail, the main features of the physics of speech sounds. 
Part II begins with an excellent short chapter on cri- 
the that 


every conventional orthography is more or less inade- 


teria of analysis, which leads to conclusion 


quate, and that even the best phonetic transcriptions 


“are wholly unambiguous only to a reader who knows 
the precise regional dialect represented.” In each lan- 
guage we find a limited number of speech sounds, and 
certain regular features of the fusions of these forms. 
Two chapters then discuss, in much detail, the syllabic 
sounds or vowels, and the nonsyllabic consonants o1 
stops; and a final one examines the often curious changes 
that befall speech sounds in context, with a fascinating 
variety of illustrations from many languages and dia- 
lects. 

The author handles this diversified material with a 
refreshing absence of dogmatism, and a quiet eye for 


picturesque aspects as they appear. I may mention as 
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instances the treatment of the notorious “ 
r’ on pages 187-88, with its mild verdict 
American speech uses the hiatus breaker 
which it is not etymologically justified at 
brief account of group stress and rhythm 
Any reader who is interested in what mank 
with the relatively few vocal sounds at its 
find in this book ample material for refi 

Cartes | 
Hingham, Massachusetts 


ZOOLOGICAL TEXT 


Comparative Animal Physiology. C. Ladd |} 
888 pp. Illus. $12.50. Saunders, Philadelp! 


HE purposes of this book, to quote 
own words, are to serve: “(1) asa text 
in courses in comparative physiology at th: 
undergraduate-early graduate level by stu 


some background in zoology and mammalian p! 
2) as a source book of sufficient detail and bib! 


adequate to introduce investigators to 

branches of the subject.” A book fulfilling eit! 
these aims would be desirable in itself, as a 
testify who is faced with the problem of find 


able text in English for a comparative physiology 


or who attempts to orient himself within som: 


segment of the voluminous 


The very nature and scope of the subject in its | 


implications almost require that any effort t 
with any degree of authority be a matter o! 


tion rather than the work of any one individ 


evident that the authors have expended much ¢ 


accomplish a greatly needed and worth-while 
extremely gratifying results. In general, they 


! 


ercised sound judgment of exclusion and in 


clusion of pertinent material from an immens« 


data spread throughout innumerable journals 


few languages) and exclusion of data that 


perhaps interesting but superfluous. 
There are 23 chapters (13 
) 


on such topics as: Water, Inorganic Ions, Prot 


ificity, Nitrogen Excretion, Photoreception, 


ception, Mechano- and Equilibrium-Recepti 


and Electric Organs, and Bioluminescenc: 


usual matter concerned with the various comn 


iological systems. Some chapters, such as 
nutrition and digestion, appear to be a mer 
the such as 


nervous and endocrine mechanisms, are more 


or survey of literature; others, 
tively written. The chapters on stimulus re 
of particular value in bringing together mat 
recent investigations not previously readily ay 
textbooks. Not 


doubt because of the composite nature of the 


all the writing is of an even 


The writers are of course best when they 
about their own particular fields. 

The organization of the chapters into subd 
up to three orders by sectioning, boldface 


italics facilitates readability as well as use as a 
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are numerous line drawings, graphs, and 
summarize experimental results of phylo- 
rest from various sources. A substantial bibli- 
icluding complete titles of reference papers) 
chapter. The decision to organize the text 
t-matter rather than on a phylogenetic basis 
1e tendency to obscure the physiology in favor 
\parison, to miss the forest for the trees. As 
yresupposes some previous acquaintance with 
brates in order to appreciate fully the sig- 
f many of the data drawn upon in the dis- 
ussion 
In sf of the excellence of this volume as a text, 
s the reviewer's opinion that its usefulness could have 
nded to meet the need of the student who has 
the prerequisite physiological preparation (as 
the authors), but who still has an interest in 
tive physiology. The text is too difficult to use 
n such instances without correlative attention to ele- 
mentary details. The inclusion of a few more pages of 
vell-organized and concisely presented “introductory” 
material for the beginner might very well have made 
the book more valuable without detracting from. its 
worth to the advanced student and graduate research 
vorker. 
lhe physical make-up of the volume does not appear 
to be up to the usuai high standards of the publishers. 
Numerous illustrations are weakly and unevenly im- 
rinted. The cloth binding is thin and easily worn. 
[his book is heartily recommended as the best text 
wailable in its field to date, however. To no less an 
It should do 


een eX 
not had 
stated by 


ympara 


xtent is it a valuable reference work. 
uch to encourage the appearance of more courses in 
mparative physiology in college curricula. It is hoped 
that the writers will keep abreast with current and 
tuture physiological research by revisions of their text 
m time to time. 
W. S. News OMER 

Department of Physiology 

slahoma Agricultural and Mechanical 


BRIEFLY REVIEWED 


Nininger Collection of Meteorites. H. H. Nininger 
and Addie D. Nininger. 144 pp. Illus. $3.00, plus 
American Meteorite Museum, Winslow, 


Ariz. 1950. 


postage 


[{1ROUGH education and intensive field work, Dr. 
Ht. H. Nininger and his wife have been responsible 
discovery of more meteorites than any other 

n history, and it is quite likely that their record 
inchallenged for many decades to come. In 
the Niningers have built up a private meteorite 
that is one of the largest and most interest- 
world. Represented in the collection are 58) 


This 


‘K consists primarily of an itemized accounting 


meteorites, including 145 main masses. 


ninger collection, and as such it should be of 
le interest to everyone engaged in meteorite 


research. The book is, however, more than just a 
straightforward listing, for within its pages are repre- 
sented the fruits of thirty years of hard and often 
courageous work, financed not by endowments, but by 
ingenuity. 

The book contains, in addition to the catalogue list- 
ing, a brief history of the development of the Nininget 
collection, a series of maps showing the location of the 
meteorite finds for which they were directly or in- 
directly responsible, 15 pages of field notes, and 34 
pages of plates that are, in the main, of high quality 
The principal deficiency of the catalogue is that un 
fortunately no references to the scientific literature are 
given. 

The record of the Nininger discoveries, both direct 
and indirect, is a long one. In thirty years they have 
increased the number of known Nebraska meteorites 
from 9 to 29. They were responsible for the discovery 
of 26 meteorites in Texas, 28 in Colorado, 37 in Kansas, 
and 9 in Wyoming. When we remember that in a year, 
over the whole surface of the earth, only about 10 
meteorites are seen to fall, the accomplishments of the 
Niningers are indeed noteworthy. It seems clear that 
for many years to come science will reap benefits from 
their efforts. 

Harrison S, Brown 
Institute for Nuclear Studies 


University of Chicago 


Lifelong Boyhood. Loye Miller. ix + 226 pp. Illus. $2.7 
University of California Press, Berkeley. 1950. 


k. Mitver’s lifelong boyhood has spanned a re- 

markable time in the development of biology in 
the West. This is illustrated by two incidents 
selected from many similar ones cited in his book. The 
first of these is a reference to a potential encounter 
with renegade Apaches, and the second a reference to 
the ready way in which Professor Joseph Le Conte pro- 
duced funds for university research in the form of gold 


well 


yieces from his pants pocket. Readers will all agree tha 
| f his pants pocket. Read ll all that 


modern work in biology is no longer conducted with 

associations like these. 
Lifelong Boyhood is not 

autobiography, but rather represents a series of accounts 


selected from the author's field experiences in ornitho 


an attempt at a complete 


logical and paleontological work. Outstanding are the 
sections dealing with the discovery and excavation of 
the La Brea tar pits, a trip to the John Day Basin, and 
an expedition to Baja California. In addition to auto 
biographical sections, the book includes a series of the 
author's reprinted papers, which augment the stories 
of his personal experiences. 

Younger generations of naturalists should especially 
enjoy Dr. Miller’s book, not only because of its style, but 
particularly because only through autobiographical pres 
entations such as this can they become acquainted with 
the personalities and experiences that have carried biol 


ogy to its present-day development. 


Joun CusHING 
Department »} ol PY, Santa Ba hara ( alli O¢ 





LETTERS 


MARS A few years ago I employed in a juni lleg 
; ; “professionally trained” teacher of Englis| 

When Giovanni Schiaparelli ; ‘ ; 

pee Migr who implored me to tell her how many lines «i Lycidg 

lurned his sights upon the stars, Ph, 

she should compel herself to read in orde: impart 

He stopped to scan the glowing belly , , , ' 

; their meaning to her pupils. | am therefore no longer 

Of ruddy Mars. ° 


surprised when my own students come to me with an all 
He charted the seas and polar caps, but indelible hatred of the “classics” whos: 


cquaint- 
And then by way of a grand finale, ance they made through the “communic: 


nN Situa- 


He plotted upon his Martian maps tions” created by our present “scientific” 


cational 
A long canale. system. 


ss 9 Yr. Fuller < d ossibly be wr ‘rem 
A “channel” was what he had observed, Dr. Fuller and I may possibly be wrong. There may 


As all could tell who spoke Italian, 


be other reasons to account for the small Latin and 
But the course of science was sharply swerved feeble English at the command of students who now 
By some rapscallion hope to make their way in highly competitive profes. 
5 yme rapscé : : 7 

sional areas. But we must all consider seriously the 


Who freely rendered the word to suit problems which Dr. Fuller has raised. Let a qualified 


His public’s wild imaginings; member of the opposite camp reply in extenso to his 
“Canals!” he screamed, and that, to boot, 


arguments; and may he do so, if he can, with compar- 
Meant living things. 


able lucidity, pertinence, and wit. 
When any rumor is once imbibed ERNEST BReNNECKE 
All antidotes prove ineffectual, School of General Studies 
And Martian men were soon described Columbia University 
As intellectual. 

Harry J. FULLER, author of the recent Scientiric 
MonTu_ty article “The Emperor’s New Clothes” (72, 


Weaving Sunday Supplement spells, 39 [195] 


The rabid press spread wild confusion, 


will speak in Wilmington, Delaware, at a 
meeting of the Ursuline Academy Home & School 
Association on Monday, May 7. The meeting is open 
Thus Mars, who never planned assault, to the public, and will be held at 8:15 p.m. in the 
Is eyed from Earth with trepidation, Ursuline Academy Auditorium on Franklin Street near 
Victim, through no intrinsic fault, Pennsylvania Avenue. Dr. Fuller will present the cur 
Of poor translation. rent version of “The Emperor's New Clothes.”* 

S. C. FLorMAN SYDNEY STEELE 

Atlas Powder Company 
SEE PAGE 282 Wilmington, Delaware 


Tue fact that Professor Harry J. Fuller's article, * Dr. Fuller spoke on the same theme before the Phi 
“The Emperor’s New Clothes, or Prius Dementat,” is Beta Kappa chapter at the University of Oklahoma, 


And this finally led to the grand illusion 
Of Orson Welles. 


provoking some lively discussion is all to the good. As an Norman, on April 24, and,on October 19 he will speak 
educator who for more than thirty years has tried to before the Cleveland Regional Council of Science 
bear arms against the rising tide of illiteracy among Teachers. THe Scientiric MONTHLY will furnish free 
our undergraduates, I agree enthusiastically with Dr. reprints (up to six to one person, of the article by Dr. 
Fuller's premise and conclusions. Fuller that appeared in the January 1951 issue 
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